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CONSTITUTION  OF  THE  ASSOCIATION.' 


OBJECTS. 

Ths  Association  shall  be  called  ^^  The  American  Associa- 
tion for  the  Advancement  of  Science."  The  objects  of  the 
Association  are  by  periodical  and  migratory  meetings,  to 
promote  intercourse  between  those  who  are  cultivating 
science  in  different  parts  of  the  United  States;  to  give 
a  stronger  and  more  general  impulse,  and  a  more  systematic 
direction  to  scientific  research  in  our  country;  and  to  pro- 
cure for  the  labors  of  scientific  men  increased  facilities  and 
a  wider  usefulness. 

MEMBERS. 

Rule  1.  Members  of  scientific  societies,  or  learned  bodies 
having  in  view  any  of  the  objects  of  this  Association,  and 
publishing  transactions,  shall  be  considered  members  on  sub- 
scribing these  rules. 

Rule  2.  Collegiate  professors,  also  civil  engineers  and 
architects  who  have  been  employed  in  the  construction  or 
superintendence  of  public  works,  may  become  members  on 
subscribing  these  rules. 

Rule  3.  Persons  not  embraced  in  the  above  provisions 
may  become  members  of  the  Association  upon  recommen- 

*  Adopted  Angoft  25, 1856,  and  ordered  to  go  into  effect  at  the  opening  of  the 
Hontreal  Meeting. 
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XIV  CONSTITUTION   OP  THE   ASSOCIATION. 

dation  in  writing  by  two  members,  nomination  by  the 
Standing  Committee,  and  election  by  a  majority  of  the 
members  present 

OFFICERS.     . 

Rule  4.  The  officers  of  the  Association  shall  be  a  Presi- 
dent, Vice-President,  Greneral  Secretary,  Permanent  Secretary 
and  Treasurer.  The  President,  Vice-President,  Greneral 
Secretary  and  Treasm-er,  shall  be  elected  at  each  meeting 
for  the  following  one;  —  the  three  first-named  officers  not 
to  be  reeligible  for  the  next  two  meetings,  and  the  Treas- 
;urer  to  be  reeligible  as  long  as  the  Association  may  desire. 
The  Permanent  Secretary  shall  be  elected  at  each  second 
meeting,  and  also  be  reeligible  as  long  as  the  Association 
may  desire. 

MEETINGS. 

Rule  5.  The  Association  shall  meet,  at  such  intervals 
.as  it  may  determine,  for  one  week  or  longer — the  time  and 
place  of  each  meeting  being  determined  by  a  vote  of  the 
Association  at  the  previous  meeting;  and  ihe  currange- 
ments  for  it  shall  be  intrusted  to  the  officers  and  the  Local 
Committee. 

STANDING  COMMITTEE. 

Rule  6.  There  shall  be  a  Standing  Committee,  to  consist 
of  the  President,  Vice-President,  Secretaries,  and  Treasurer 
iOf  the  Association,  the  officers  of  the  preceding  year,  the 
permanent  chairmen  of  the  Sectional  Committees,  after 
these  shall  have  been  organized,  and  six  members  present 
from  the  Association  at  large  who  shall  have  attended  any 
of  the  previous  meetings,  to  be  elected  upon  open  nomina- 
tion by  ballot  on  the  first  assembling  of  the  Association. 
A  majority  of  the  whole  number  of  votes  cast  to  elect  The 
Greneral  Secretary  shall  be  Secretary  of  the  Standing  Com- 
mittee. 

The  duties  of  the  Standing  Committee  shall  be,  — 
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1.  To  assign  papers  to  the  respective  sections. 

2.  To  arrange  the  scientific  business  of  the  general  meet- 
ings, to  saggest  topics  and  arrange  the  programmes  for  the 
eyening  meetings. 

3.  To  suggest  to  the  Association  the  place  and  time  of  the 
next  meeting. 

4.  To  examine,  and,  if  necessary,  to  exclude  papers. 

5.  To  suggest  to  the  Association  subjects  for  scientific 
reports  and  researches. 

6.  To  appoint  the  Local  Committee. 

7.  To  have  the  general  direction  of  publications. 

8.  To  manage  any  other  general  business  of  the  Associa- 
tion during  the  session,  and  during  the  interval  between  it 
and  the  next  meeting. 

9.  In  conjunction  with  four  firom  each  section,  to  be 
elected  by  the  sections  for  the  purpose,  to  make  nomina- 
tions of  officers  of  the  Association  for  the  following  meeting. 

10.  To  nominate  persons  for  admission  to  membership. 

11.  Before  adjourning,  to  decide  which  papers,  discussions, 
or  other  proceedings  shall  be  published. 

SBCnONS. 

Rule  7.  The  Association  shall  be  divided  into  two  Sec- 
tions, and  as  many  sub-Sections  as  may  be  necessary  for  the 
scientific  business,  the  manner  of  division  to  be  determined 
by  the  Standing  Committee  of  the  Association.  The  two 
Sections  may  meet  as  one. 

SSOnONAL  OFFICERS  AND   COMMITTEES. 

Rule  8.  On  the  first  assembling  of  the  Section,  the  mem- 
bers shall  elect  upon  open  nomination  a  permanent  chairman 
and  secretary,  also  three  other  members  to  constitute  with 
these  officers  a  Sectional  Committee. 

The  Section  shall  appoint,  firom  day  to  day,  a  chairman  to 
preside  over  its  meetings. 

Rule  9.   It  shall  be  the  duty  of  the  Sectional  Committee 
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of  each  section,  to  arrange  and  direct  the  proceedings  in 
their  Section ;  to  ascertain  what  communications  are  offered ; 
to  assign  the  order  in  which  these  communications  shall 
appear,  and  the  amount  of  time  which  each  shall  occupy. 

The  Sectional  Committees  may  likewise  recommend  sub- 
jects for  systematic  investigation  by  members  willing  to 
undertake  the  researches,  and  to  present  their  results  at 
the  next  meeting.   • 

The  Sectional  Committees  may  likewise  recommend  re- 
ports on  particular  topics  and  departments  of  science,  to  be 
drawn  up  as  occasion  permits,  by  competent  persons,  and 
presented  at  subsequent  meetings. 

RBPORTS  OF  PROCEEDINGS. 

Rule  10.  Whenever  practicable,  the  proceedings  shall  be 
reported  by  professional  reporters  or  stenographers,  whose 
reports  are  to  be  revised  by  the  secretaries  before  they 
appear  in  print 

PAPERS  AND   COMMUNICATIONS. 

Rule  11.  No  paper  shall  be  placed  in  the  programme, 
unless  admitted  by  the  Sectional  Committee;  nor  shall 
any  be  read,  unless  an  abstract  of  it  has  been  previously 
presented  to  the  Secretary  of  the  Section,  who  shall  furnish 
to  the  chairman  the  titles  of  papers  of  which  abstracts  have 
been  received. 

Rule  12.  The  author  of  any  paper  or  communication  shall 
be  at  liberty  to  retain  his  right  of  property  therein,  provided 
he  declare  such  to  be  his  wish  before  presenting  it  to  the 
Association. 

Rule  13.  Copies  of  all  communications,  made  either  to 
the  General  Association  or  to  the  Sections,  must  be  fur- 
nished by  the  authors ;  otherwise  only  the  titles  or  abstracts 
shall  appear  in  the  published  proceedings. 

Rule  14.  All  papers,  either  at  the  general  or  in  the 
Sectional  meetings,  shall  be  read,  as  far  as  practicable,  in 
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the  order  in  which  they  are  entered  upon  the  books  of  the 
Association;  except  that  those  which  may  be  entered  by 
a  member  of  the  Standing  Committee  of  the  Association 
shall  be  liable  to  postponement  by  the  proper  Sectional 
Committee. 

SuLE  15.  If  any  communication  be  not  ready  at  the 
assigned  time,  it  shall  be  dropped  to  the  bottom  of  the 
list,  and  shall  not  be  entitled  to  take  precedence  of  any 
subsequent  communication. 

Rule  16.  No  exchanges  shall  be  made  between  members 
without  authority  of  the  respective  Sectional  Ck)mmittees. 

GENERAL  AND  EVENING   BIEETINGS. 

Bulb  17.  The  Standing  Committee  shall  appoint  any 
general  meeting  which  the  objects  and  interests  of  the 
Association  may  call  for,  and  the  evenings  shall,  as  a  rule, 
be  reserved  for  general  meetings  of  the  Association. 

These  general  meetings  may,  when  convened  for  that 
purpose,  give  their  attention  to  any  topics  of  science  which 
would  otherwise  come  before  the  Sections. 

It  shall  be  a  part  of  the  business  of  these  general  meetings 
to  receive  the  Address  of  the  President  of  the  last  meeting ; 
to  hear  such  reports  on  scientific  subjects  as,  from  their 
general  importance  and  interests,  the  Standing  Committee 
shall  select;  also  to  receive  from  the  chairmen  of  the  Sections 
abstracts  of  the  proceedings  of  their  respective  Sections ;  and 
to  listen  to  communications  and  lectures  explanatory  of  new 
tad  important  discoveries  and  researches  in  science,  and  new 
mventions  and  processes  in  the  arts. 

OBDER  OP  PROCEEDINGS  IN   ORGANIZING  A  MEETING. 

Rule  18.  The  Association  shall  be  called  to  order  by 
the  President  of  the  preceding  meeting,  and  this  officer 
having  resigned  the  chair  to  the  president  elect,  the  general 
Secretary  shall  then  report  the  number  of  papers  relating 
to  each  department  which   have   been  registered,  and  the 
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Association  consider  the  most  eligible  distribution  into 
Sections,  when  it  shall  proceed  to  the  election  of  the 
additional  members  of  the  Standing  Committee  in  the 
manner  before  described;  the  meeting  shall  then  adjoorn, 
and  the  Standing  Committee,  having  divided  the  Associa- 
tion into  Sections  as  directed,  shall  allot  to  each  its  place 
of  meeting  for  the  Session.  The  Sections  shall  then 
organize,  by  electing  their  officers  and  their  representa- 
tives in  the  Nominating  Committee  and  shall  proceed  to 
business. 

PERMANENT  SECRETARY. 

Rule  19.  It  shall  be  the  duty  of  the  Permanent  Secretary 
to  notify  members  who  are  in  arrears,  to  provide  the  nec- 
essary stationery  and  suitable  books  for  the  list  of  members 
and  titles  of  papers,  minutes  of  the  general  and  sectional 
meetings,  and  for  other  purposes  indicated  in  the  rules,  and 
to  execute  such  other  duties  as  may  be  directed  by  the 
Standing  Committee  or  by  the  Association. 

The  Permanent  Secretary  shall  make  a  report  annually 
to  the  Standing  Committee,  at  its  first  meeting,  to  be  laid 
before  the  Association,  of  the  business  of  which  he  has  had 
charge  since  its  last  meeting. 

All  members  are  particularly  desired  to  forward  to  the 
Permanent  Secretary,  so  as  to  be  received  before  the  day 
appointed  for  the  Association  to  convene,  complete  titles  of 
all  the  papers  which  they  expect  to  present  during  its  meet- 
ing, with  an  estimate  of  the  time  required  for  reading  each, 
and  such  abstracts  of  their  contents  as  may  give  a  general 
idea  of  their  nature. 

Whenever  the  Permanent  Secretary  notices  any  error  of 
fact  or  unnecessary  repetition,  or  any  other  important  defect 
in  the  papers  communicated  for  publication  in  the  proceed- 
ings of  the  Association,  he  is  authorized  to  commit  the  same 
to  the  author,  or  to  the  proper  sub-committee  of  the  Standing 
Committee  for  correction. 
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LOCAL    COMMITTEE. 

Rule  20.  The  Local  Committee  shall  be  appointed  from 
among  members  residing  at  or  near  the  place  of  meeting 
for  the  ensuing  year ;  and  it  shall  be  the  duty  of  the  Local 
Committee,  assisted  by  the  officers,  to  make  ^rrangemen^p 
and  the  necessary  announcements  for  the  meeting. 

The  Secretary  of  the  Local  Committee  shall  issue  a 
circular  in  regard  to  the  time  and  place  of  meetings,  and 
other  particulars,  at  least  one  month  before  each  meeting. 

SUBSCRIPTIONS. 

Rule  21.  The  amount  of  the  subscription,  at  each  meeting, 
of  each  member  of  the  Association  shall  be  two  dollars,  and 
one  dollar  in  addition  shall  entitle  him  to  a  copy  of  the  pro- 
ceedings of  the  annual  meeting.  These  subscriptions  shall 
be  received  by  the  Permanent  Secretary,  who  shall  pay 
them  over,  after  the  meeting,  to  the  Treasurer. 

No  person  shall  be  considered  a  member  of  the  Association 
until  the  subscription  for  the  meeting  at  which  he  is  elected 
has  been  paid. 

Rule  22.  The  names  of  all  persons  two  years  in  arrears 
for  annual  dues  shall  be  erased  from  the  list  of  members ; 
provided  that  two  notices  of  indebtedness,  at  an  interval 
of  at  least  three  months,  shall  have  been  previously  given. 

ACCOUNTS. 

Rule  23.  The  accounts  of  the  Association  shall  be  audited 
annually,  by  auditors  appointed  at  each  meeting. 

ALTERATIONS   OF  THE   CONSTITUTION. 

Rule  24.  No  article  of  this  constitution  shall  be  altered, 
or  amended,  or  set  aside,  without  the  concurrence  of  three 
fourths  of  the  members  present,  and  unless  notice  of  the 
proposed  change  shall  have  been  given  at  the  preceding 
annual  meeting. 
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OP  A 


PERMANENT  AND  PROSPECTIVE  CHARACTER, 


PASSED  PREVIOUS  TO  THE  TENTH  MSETINO. 


Resolved^  That  a  manual  or  mantuiU  of  scientific  observation  and 
research,  especially  adapted  to  the  use  of  the  American  inquirer, 
comprising  directions  for  properly  observing  phenomena  in  every 
department  of  physical  science,  and  for  making  collections  in  natural 
history,  etc.,  whether  on  land  or  at  sea,  is  much  needed  at  the  present 
time;  and  that  such  a  publication,  placed  in  the  hands  of  officers 
of  the  army  and  navy,  would  greatly  tend  to  develop  the  natural 
resources  of  our  extended  country,  and  to  the  general  advancement 
of  science. 

Resolved,  That  the  American  Association  for  the  Advancement 
of  Science  cordially  recommends  the  Smithsonian  Institution  to 
undertake  the  preparation  of  such  a  volume,  under  the  editorial 
superintendence  of  its  Secretary,  to  be  published  in  its  series  of 
reports. 

Resolved,  That  this  Association  will  cordially  cooperate  in  the 
production  of  such  a  manual  or  manuals,  in  whatever  manner  may 
be  best  adapted  to  secure  the  end  in  view. 

{Proceedings  Second  Meeting,  1849,  pp.  273,  351.) 

Resolved,  That  a  copy  of  the  printed  volume  of  Proceedings  of  the 
Meetings  at  Philadelphia,  Cambridge,  and  New  Haven  be  presented 
to  the  libraries  of  Harvard  and  Yale. 

{Proceedings  Fourth  Meeting,  1850,  p.  846.) 
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Besohedy  That  the  Treasurer  be  requested  to  retain  $300  of  the 
fiiDds  in  his  hands,  and  belonging  to  the  Association,  for  the  purpose 
of  pajing  the  salary  of  the  Permanent  Secretary ;  said  payment  to  be 
made  at  such  time,  and  in  such  manner,  as  may  be  agreed  upon  by 
the  Treasurer  and  Permanent  Secretary. 

Resohed,  That  copies  of  the  Proceedings  of  the  American  Asso- 
didon  be  presented  to  the  New  York  Lyceum  and  the  Philadelphia 
Aeademy  of  Natural  Sciences. 

(Proceedings  Fourth  Meeting^  1850,  pp.  390,  391.) 

Raohedy  That  copies  of  the  Proceedings  of  the  American  Asso- 
ciadoD  for  the  Advancement  of  Science  be  presented  to  the  American 
Academy  of  Arts  and  Sciences,  Boston;  to  the  Boston  Society  of 
Natural  History ;  to  the  New  York  Lyceum  of  Natural  History ;  to 
the  American  Philosophical  Society  and  to  the  Academy  of  Natural 
Sdences  of  Philadelphia ;  to  the  Smithsonian  Institution ;  and  to  the 
Western  Academy  of  Natural  Sciences  at  Cincinnati. 

(Proceedings  Fifth  Meeting,  1851,  p.  249.) 

Sesohedy  That  the  names  of  those  only  shall  be  entered  in  the  list 
of  members  who  shall  have  signified  their  acceptance. 

(Proceedings  Seventh  Meeting,  1853.) 

Besohedj  That  a  sum  not  exceeding  seventy-five  dollars  shall  be 
paid  to  the  Permanent  Secretary,  to  defray  the  expenses  necessary 
for  attending  each  meeting  of  the  Association. 

(Proceedings  Seventh  Meeting,  1853.) 
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Resolved^  That  the  following  members  be  requested  to  report  on  the 
subjects  respectively  assigned  to  them,  viz. :  — 

Prof.  A-  D.  Bache.  On  Recent  Additions  to  our  Knowledge  of  the 
Theory  of  Tides. 

Prof.  Joseph  Henrt.  On  Recent  Additions  to  our  Knowledge  of  the 
Laws  of  Atmospheric  Electricity. 

Prof.  James  Hall.  On  Recent  Additions  to  our  Knowledge  of  the 
Paleozoic  Rocks. 

Prof.  J.  L.  Smith.     On  the  Recent  Progress  of  Micro- Chemistry. 

Prof.  WoLCOTT  GiBBS.  On  the  Recent  Progress  of  Organic  Chem- 
istry.    (This  Report  was  made  at  the  Providence  Meeting.) 

Dr.  Joseph  Leidy.  On  the  Remains  of  Fossil  Reptiles  and  Mam- 
mals in  North  America. 

Prof.  Benjamin  Peirce.  On  the  Present  State  of  the  Theory  of 
Planetary  Perturbations. 

Dr.  W.  L  BuBNET.  On  Recent  Advances  in  Anatomy  and  Physi- 
ology. 

Pro£  J.  D.  Dana.  On  the  Geographical  Distribution  of  the  Lower 
Animals. 

Prof.  Louis  Agassiz.  On  the  History  of  our  Knowledge  of  Alterna- 
tion of  Generation  in  Animals. 

Prof.  S.  S.  Haldeman.  On  the  Present  State  of  our  Knowledge  of 
Linguistic  Ethnology.  (This  Report  was  made  at  the  Albany 
Meeting.) 

Dr.  B.  A.  Gould,  Jr.  On  the  Progress  and  Developments  of  the 
Electro-  Chronographic  Method  of  Observation. 

{Proceedings  Seventh  Meeting,  1853.) 
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White,  Horace,  Chicago,  Illinois  [10]. 

Whitney,  Asa,  Esq.,  Philadelphia  [1]. 

Whitney,  J.  D.,  Esq.,  Northampton,  Massachusetts  [1]. 

Whittlesey,  Charles,  Cleveland,  Ohio  [1]. 

Wilder,  Alexander,  Albany  [10]. 

Wilder,  L.,  Esq.,  Hoosick  Falls,  New  York  [1]. 

Wilkes,  Capt  Charles,  U.  S.  N.,  Washington,  D.  C.  [1]. 

Willard,  Samuel,  Lima,  New  York  [10]. 

Williams,  Dr.  Abraham  V.,  New  York  [9]. 

Williams,  Prof.  L.  D.,  Meadville,  Pennsylvania  [6]. 

Williams,  Dr.  P.  O.,  Watertown,  St  Lawrence  Co.,  N.  Y.  [6]. 

Williams,  Samuel  Wells,  Canton,  China  [10]. 

Williams,  W.  F.,  Mosul,  Turkey  [10]. 

Wills,  Frank,  New  York  [9]. 

Wilson,  Prof.  Daniel,  Toronto,  Canada  [10]. 

Winchell,  Prof.  Alexander,  Ann  Arbor,  Michigan  [3]. 

Winlock,  Prof.  Joseph,  Cambridge,  Massachusetts  [o]. 

Winslow,  John  F.,  Troy,  New  York  [10]. 
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Winslow,  C.  F.,  Troy,  New  York  [10]. 

Woodbridge,  George  A.,  Auburndale,  Massachusetts  [10]. 
*  Woodbury,  Hon.  L.,  Portsmouth,  New  Hampshire  [1]. 

Woolworth,  Hon.  S.  B.,  Albany  [10]. 

Worcester,  Dr.  Joseph  E.,  Cambridge,  Massachusetts  [2]. 

Worthen,  A.  H.,  Warsaw,  Illinois  [10]. 

Wright,  Charles,  Wethersfield,  Connecticut  [10]. 

Wright,  Chauncey,  Cambridge,  Massachusetts  [9]. 
•Wright,  Dr.  John,  Troy,  New  York  [1]. 

Wurtz,  Henry,  Trenton,  New  Jersey  [10]. 

Wyman,  Prof.  Jeffries,  Cambridge,  Maissachusetts  f  10]. 

Wynne,  Dr.  James,  Baltimore  [8]. 

Wynne,  Thomas  H.,  Richmond,  Virginia  [8]. 

Y. 

YameU,  Pro£  M.,  U.  S.  A.  [8]. 

Youmans,  K  L.,  Esq.,  Saratoga  Spring  New  York  [6]. 

Young,  Pro£  Ira,  Hanover,  New  Hampthire  [7]. 

The  abo^e  list  contains  seven  knndred  and  eighty-four  names,  of  which  sixty-two 
are  of  deoeaaed  memben. 
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Allen,  Jerome,  Dubnqae,  Iowa. 

Allen,   Nathaniel  T.,   West  Newton, 
Mass. 

AUcn,  R.  L.,  Saratoga  Springs,  N.  Y. 

Ames,  Bern  ice  D.,  Fort  £dward,  N.  Y. 

Anderson,  M.  B.,  Rochester,  N.  Y. 

Armour,  A.  H.,  Toronto,  Canada. 

Baldwin,  F.  H.,  Waverley,  N.  Y. 

Barber,  Edgar  A.,  Albany. 
^Bamston,  Dr.  James,  Montreal,  Can. 

Beadle,  E.  R.,  Hartford,  Conn. 

Benedict,  Erastos  C,  New  York. 
♦Benedict,  Dr.  N.  B.,  New  Orleans. 

Bennett,  Joseph,  Albany. 

Bent,  Silas,  U.  8.  N.,  New  York. 

Binkerd,  F.  S.,  Gcrmantown,  Ohio. 
♦Blackie,  Dr.  G.  S.,  Edinburgh,  Scot 

Blake,  J.  R.,  Greensboro',  Ga. 

Bolton,  James,  Richmond,  Va. 

Bradford,  G.  W.,  Homer,  N.  Y. 
♦Briinnow,  F.,  Ann  Arbor,  Mich. 

Bulkley,  John  W.,  Brooklyn,  N.  Y. 

BuUard,  Edward  F.,  Waterford,  N.  Y. 

Butler,  Thos.  B.,  Norwalk,  Conn. 

Cameron,  Daniel,  Johnstown,  N.  Y. 

Campbell,  John,  New  York. 

Cavert,  M.  P.,  Amsterdam,  N.  Y. 
♦Cbadbonme,    P.    A.,  Williamstown, 

Mass. 
.Chamberlain,  Frank,  Albany. 
♦Chauvean,  Pierre  J.   0.,    Montreal, 

Canada. 
♦Church,  A.  E.,  West  Point.  N.  Y. 

Clark,  Lester  M.,  Canandaigua,  N.  Y. 

Cole,  Seth  B.,  Albnnv. 

Comfort,  H.  F.,  Middletown,  Conn. 

Conger,  A.  B.,  Haverstown,  N.  Y. 

Cooley,  J.  E.,  New  York. 
♦Cooper,  Dr.  J.  G.,  Orange,  N.  J. 

Cottle,  T.  J.,  Woodstock,  Canada. 


Cox,  Samuel  H.,  New  York. 

Crandall,  Pardon  S.,  Troy,  N.  Y. 

Crosby,  Alpheus,  Hanover,  N.  H. 

Cruikshank,  James,  Albany. 

Dakins,  Francis  E.,  Albany. 

Davidson,  Robert,  New  Brunswick, 

N.J. 
♦Daviea,    Charles,   Fishkill  Landing, 
N.Y. 

Dawson,  J.  W.,  Montreal,  Canada. 

Delavan,  Edward  C,  Albany. 

Devol,  Charles,  Albany. 

Dexter,  George,  Albany. 

Dickinson,  John  W.,  Westfield,  Mass. 
♦Diehl,  Israel,  Sacramento,  Cal. 

Doremus,  R.,  Ogden,  N.  Y. 

Downes,  Johnj  Washington,  D.  C. 

Duffield,  George,  Detroit,  Mich. 

Duncan,  Lucius  C,  New  Orleans. 

Dwindle,  William  H.,  New  York. 

Dyer,  David,  Albany. 

Edmundson,  Thomas,  Baltimore. 

Edwards,  Richai^,  Salem,  Mass. 

Elderhorst,  William,  Troy,  N.  Y. 

Elliot,  Ezekiel  B.,  Boston. 

Estes,  D.  C,  Albany. 

Fairfield,  J.  W.,  Hudson,  N.  Y. 

Fellows,  Joseph,  Albany. 

Field,  Roswell,  Greenfield,  Mass. 

Fisher,  Mark,  Trenton,  N.  J. 
♦Fisk,  L.  R.,  Ypsilanti,  Mich. 

Flanagan,  J.,  Montroal,  Canada. 

Flint,  Lvman  D.,  Concord,  N.  H. 

Foote,  ^lisha,  Seneca  Falls,  N.  Y. 

Fowler,  Asa,  Concord,  N.  H. 

Freeman,  Samuel  H.,  Albany. 

Fristoe,  E.  P.,  Washington,  D.  C. 

Frothingham,  Washington,  Albany. 

Gardner,  James  S.,  Whitestown,  N.  Y. 
♦Garrigues,  Dr.  S.  S.,  Philadelphia. 


♦  Those  marked  with  an  asterisk  paid  the  assessment,  and  signed  the  Constita 
tion  without  being  formally  elected. 


MEVBEB8   ELECTED   AT  T9E   ALBANY  MEETING. 


zlvii 


G^,  A.  M.,  Cbariestown,  Mass. 

Giffbrf,  J.  P.  S.,  Albany. 

GUlespie,  W.  M..  Schenectady,  N.  Y. 

Gilman,  D.  C,  New  Haven,  Conn. 
♦Gladstone,  T.  H.,  London,  Eng. 

Gluck,  Isidor,  Now  York. 

Goodrich,  Charles  S.,  New  York. 

Goodwin,  William  F.,  Concord,  N.  H. 

Green,  Everett  W.,  Madison,  N.  J. 

Green,  Horace,  New  York. 

Greene,  David  B.,  New  YoA. 

Griffen,  N.  H.,  Williamstown,  Mara. 

Grnvcrn,  Julias,  New  Haven,  Conn. 
♦Gulick,  John  T.,  Williamstown,  Mass. 

Hadlcv.  Amos,  Concord,  N.  H. 

Hale,  Albert  W.,  Albany. 

Hall,  Archibald,  Montreal,  Canada. 

Ham,  L.  J.,  Williams ville,  N.  Y. 

Hamlin,  Angnstus  C,  Bangor,  >[e. 

Handy,  Isaac  W.  K.,  Portsmouth,  Va. 

Harrcqui,  Jose  Salazar,  Mincrra,  Mex- 
ico. 

Hathaway,  Charles,  Delhi,  N.  Y. 

Headley,  WiUiam  S.,  Albany. 

Heffron,  Daniel  S.,  Utica,  N.  Y. 

Hext,  G.,  Oxford,  England. 

Hicks.  Levi  I.,  Walworth,  N.  Y. 

Hill,  Nathaniel  P.,  Providence. 

Hingston,  W.  P.,  Montreal,  Canada. 

Hodgson,  W.  B.,  SaA-annah,  Geo. 

Homans,  Shcppard,  New  York. 

Hopkms,  James  G.,  Ogdensbuig,  N.  Y. 

Hopkms,  T.  O.,  WUliamsville,  N.  Y. 

Horan,  E.  J.,  Quebec,  Canada. 

Horton,  C.  V.  It.,  Chaumont,  N.  Y. 

Hungcrford,  Edward,  Wolcottville,  Ct 

Hyatt,  James,  New  York. 

Ingham,  Albeit  C,  Madison,  Wis. 

Ives,  Thomas  Pointer,  Providence. 
•James,  Charles  S.,  Lewisburg,  Pcan. 

James,  John,  Alton,  HI. 

Jennings,  Needier,  New  Orleans. 

Johmon,  B.  P.,  Albany. 

Johnston,  Christophcr,'BaItimorc,  Md. 

Jones,  Thomas  Walter,  Montreal,  Can. 

Joslin,  Benjamin  F.,  New  York. 

Kendall,  Joshua,  Meadville,  Penn. 

Kerr,  W.  C,  Cambridge,  Mass. 

Lauderdale,  John  V.,  Cleveland,  Ohio. 

Lieber,  Francis,  Colnmbia,  S.  C. 
*Ix)omi8,  J.  R.,  Louisburg,  Penn. 

Lusher,  Robert  M.,  New  Orleans. 
♦Machin,  Thomas,  Albany,  N.  Y. 
♦Macoraber,  D.  O.,  Middletown,  Conn. 
♦Mallet,  J.  W.,  Tuscaloosa,  Ala. 

Marcv,  O.,  Wilbraham,  Mass. 

Marsh,  James  E.,  Roxbury,  Mass. 
•Maupin,  S.,  Charlottesville,  Va, 

McCall,  John,  Utica,  N.  Y. 

McCoy,  Anmsa,  Albany. 


McMahon,  Matthew,  Albany. 

McNaughton,  Peter,  Albany. 

Merrill,  J.  W.,  Concord,  N.  H. 

Mitchell,  Henr^,  Nantucket,  Mass. 

Morangc,  William  D.,  Albany. 

Morgan,  Lewis  H.,  Rochester,  N.  Y. 

Morse,  M.  L.,  Dover.  N.  H. 

Munger,  George  G.,  Rochester,  N.  Y. 

Mussey,  R.  D.,  Cincinnati,  Ohio. 

Mussey,  D.,  Albany. 
♦Newcomb,  Wesley,  Albany. 
♦Nichols,  John  A.,  New  York. 

Noble,  Capt.  London,  England. 

O'Callaghan,  E.  B..  Albany. 
♦0*Leary,  Charies,  Emmetsburg,  Md. 
♦Ormiston,  William,  Toronto,  Canada. 

Ormond,  J.  J.,  Tuscaloosa,  Ala. 

Osbom,  H.  S.,  Liberty,  Va. 

Osten,   Sacken  B.  von.,  Washington, 

Otis,  Geora^e  A.,  Jr.,  Springfield,  Mass. 
♦Parker,  W.  H.,  Middlcbury,  Vt. 

Patten,  D.,  Concord,  N.  H. 

Peirce,  James  M.,  Cambridge,  Mass. 
♦Penr,  M.  C,  New  York. 

Phelps,  Philip,  Jr.,  Hastings,  N.  Y. 

Pierce,  William  M.,  Petersburg,  Va. 

Pigott,  A.  Snowden,  Baltimore,  MdL 

Pitman,  Benn,  Cincinnati,  Ohio. 

Pleasants,  Thomas  S.,  Petersbui^,  Va. 

Porter,  Samuel  D.,  Rochester,  N.  Y. 

Priest,  J.  A..  Homer,  N.  Y. 
♦Prince,  W.  R.,  Flushing,  L.  I. 

Pruyn,  Robert  H.,  Albany. 

Putnam,  Frederic  W.,  Salem,  Mass. 

Rankin,  Robert  G.,  New  York. 

Rcid,  D.  B.,  London,  Eng. 

Rennie,  Alexander  N.,  Montreal,  Can. 

Reuben,  Levi,  New  Yorii. 

Rice,  W.  H.,  Albany. 

Ritchie,  E.  S.,  Boston. 

Robertson,  Thomas  D.,  Rockford,  HI. 

Rockwell,  Alfred  P.,  New  Haven,  Conn. 

Rockwell,  John  A.,  Norwich,  Conn. 

Rogers,  William  F.,  Philadelphia. 

Roome,  Martin  R.,  New  York. 

Ruger,  Edward,  Janesville,  Wis. 

Sanger,  W.  W.,  Albany. 

Sargent,  Rnfus,  Auburn,  N.  Y. 
♦Savage,   Thomas  S.,  Pass  Christian, 
Miss. 

Schnec,  Alexander,  Madison,  Wis. 

Sclater,  Philip  Lutley,  Oxfoitl,  Eng. 

Seropyan,   Cnristopher,   New    Haven, 
Conn. 

Sheldon,  D.  H.,  Racine,  Wis. 

Sheldon,  D.  S.,  Davenport,  Iowa. 

Sias,  Solomon,  Fort  Edwanl,  N.  Y. 

Skinner,  George  W..  Little  Falls,  N.  Y. 

Smith,  E.  Pcshine,  Rochester,  N.  Y. 
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Smith,  Metcalf  J.,  M'Gninville,  N.  T. 

Spear,  C.  V.,  Pittsfield,  Mass. 

Starr,  William,  Ccrcsco,  Wis. 

Steams,  £bcn  S.,  Albany. 

Steams,  Josiah  A.,  Boston. 

Steele,  Samuel,  Albany. 

Stewart,  James,  Delhi,  N.  Y. 

Street,  Alfred  B.,  Albany. 

Sturtevant,  J.  M.,  Jacksonville,  Bl. 
♦Swallow,  G.  C,  Columbia,  Wis. 

Sweeney,  Peter,  Buffalo,  N.  Y. 
♦Tappan,  H.  P.,  Ann  Arbor,  Mich. 

Tatlock,  John,  Williamstown,  Mass. 

Tatum,  Joel  Haywood,  Baltimore,  Md. 

Taylor,  George  W.,  Albany. 

Taylor,  J.  W.,  Warapsville,  N.  Y. 

Thomas,  William  A.,  Irvington,  N.  Y. 

Thompson,  John  A.,  Cayuga,  N.  Y. 

Thom,  James,  Troy,  N.  Y. 

Townsend,  Howard,  Albany. 

Treadwell,  O.  W.,  Rockville,  Md. 
♦Trowbridge,  W.  P.,  Ann  Arbor,  Mich. 

Traosdcll,  Samuel,  New  York. 

TumbuU,  Lawrence,  Philadelphia. 

Tyler,  Ransom  H.,  Fulton,  N.  Y. 

Upham,  N.  G.,  Concord,  N.  U. 

Vail,  S.  M.,  Concord  N.  H. 
♦Verreau,  A.  B.,  Montreal,  Can. 

Walker,  Joseph,  Oxford,  N.  Y. 


Walworth,  R.  H.,  Saratwi,  N.  Y. 
Wayne,  Benjamin,  New  Orleans. 
Wemlond,  l5.  F.,  Cambridge,  Mass. 
Welch,  John,  Newark,  N.  J. 
Wcyde,  Vander,  New  York. 
Whipple,  A.  B.,  Nantucket,  Mass. 
Whipple,  J.  E.,  Lansingburg,  N.  Y. 
Whitcomb,  Joseph  M.,  Salem,  N.  Y. 
White,  Aaron,  Cazenoria,  N.  Y. 
White,  Charles,  Crawfordsvilie,  Ind. 
White,  Horace,  Chicago,  Dl. 
Wilder,  Alexander,  Albany. 
WiUard,  Samuel  D.,  Lima,  N.  Y. 
Williams,     Samuel     Wells,    Canton, 

China. 
Williams,  W.  F.,  Mosul,  Turkey. 
Wilson,  Daniel,  Toronto,  Canada. 
Winslow,  C.  F.,  Troy,  N.  Y. 
Winslow,  John  F.,  Troy,  N.  Y. 
Wood,  William,  Portland,  Maine. 
Woodbridge,  Geoi^  A.,  Anbumdale, 

Mass. 
Woolworth,  S.  B.,  Albany. 
Worthen,  A.  H.,  Warsaw,  III. 
Wright,  Charies,  Wethcrsfield,  Conn. 
Wurtz,  Henry,  Trenton,  N.  J. 
Wyman,  Jeffries,  Cambridge,  Mass. 
Zimmerman,  Reuben,  Alexander,  Va. 


The  following  signed  the  Constitution,  but  were  not  formally  elected  and  did 
not  pay. 


Beumard,  Daniel,  Chicago,  111. 
Forsyth,  James,  Troy,  N.  Y. 
Homes,  H.  A.,  Albany,  (State  Library). 
Hooper,  C.  Van  Vorst,  New  York. 
Lane,  D.,  Troy,  N.  Y. 


BfacNair,  John,  New  Orieans. 
Mayhew,  D.  P.,  Ypsilanti,  Mich. 
Mutter,  Thomas  D.,  Philadelphia. 
Sanders,  J.  Milton,  Cincinnati. 
Spragne,  Joseph  W.,  Rochester,  N.  Y. 


The  following  paid,  but  were  not  formally  chosen,  and  did  not  sign  the  Con- 
stitution, 


Army.  W.  F..  Chicago,  111. 
Freeman,  L.  H.,  Albany. 
McClure,  A. 
Paine,  D.  D. 


Pendleson,  E.  B. 
AVilson,  J.  Q. 
Thompson,  Robert. 
Wendell,  Dr.  H.,  Albany. 


REPORT 

ON  THE  PRESENT  STATE  OF  OUR  KNOWLEDGE 

OF 

LINGUISTIC    ETHNOLOGY. 

Bt  S.  S.  HALDEMAN,  Columbia,  Pa. 


This  Report  will  be  restricted  to  the  portion  of  the  subject 
pertaining  to  speech, — a  portion  which,  although  less  extensive 
than  the  grammatical,  lexicographical,  or  etymological  portions 
of  langoage,  has  not  attracted  proper  attention  until  a  recent 
period.  This  neglect  is  due  to  the  difficulty  of  the  subject,  of 
which  a  constant  example  is  at  hand  in  the  difficulty  experi- 
enced in  pronouncing  foreign  languages  properly,  even  when 
they  belong  to  the  same  stock,  as  Persian,  Gterman,  Belgian, 
and  English.  The  difficulty  of  pronouncing,  appreciating, 
locating,  explaining,  and  writing  down  the  various  phases  of 
speech  is  so  great,  and  there  are  so  many  sources  of  error,  that 
we  must  be  more  cautious  in  accepting  statements  here,  than 
in  other  sciences  of  observation,  few  having  as  much  educa- 
tion in  this  branch  as  would  be  required  to  make  a  chemist  or 
a  musician ;  or  to  enable  a  singer  to  write  down  a  song  prop- 
erly, even  in  a  notation  of  his  own  invention.  We  cannot 
even  trust  an  observer  who  claims  for  himself  a  good  ear. 
The  English  lexicographer,  Knowles,  makes  such  a  claim,  and 
by  his  analysis  proves  that  he  does  not  possess  the  power  to 
discriminate  sounds ;  as  in  the  case  of  ye  and  woo^  which  he 
considers  equivalent  to  the  repetitions  e-e  and  o<yoo.  The  re- 
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porter  is  willing  that  the  objections  which  he  makes  to  the 
results  of  others  should  be  urged  against  his  own ;  and  that 
his  assertions  should  be  received  with  as  much  caution  as 
those  of  any  observer,  having  at  various  times  held  views  which 
further  research  proved  to  be  untenable. 

Spanish  grammarians  emphatically  deny  that  their  h  ever 
partakes  of  the  power  of  English  and  Spanish  v.  They  claim 
both  h  and  t;,  and  assert  that  v  (like  /)  is  made  by  the  appli- 
cation of  the  lower  lip  to  the  upper  teeth,  and  that  their  h  is 
never  made  thus,  the  lips  alone  being  concerned  in  its  produc- 
tion, so  that  it  is  impossible  that  it  can  be  anything  else  than 
a  genuine  6.  The  facts  are  as  here  given,  but  the  inference  is 
false.  The  Spanish  h  between  vowels,  the  German  «?,  and, 
according  to  E.  A.  Sophocles,  the  EUenic*  /8,  differ  from  Eng- 
lish V  in  being  formed  with  the  lips  alone.  It  is  therefore  an 
aspirate  of  h  (*B)  as  the  Greek  ^  is  an  aspirate  of  p,  which  / 
is  not.  This  is  an  important  point  in  ethnology,  which  few 
attend  to.  Doctor  Lepsius  does  not  allude  to  it,  nor  to  the 
very  distinct  Russian  vowel  bl,  in  his  recently  published  Stand- 
ard Alphabet  Authors  continually  confound  English  labio- 
dental V  with  Grerman  labial  U7,  and  in  giving  an  account  of 
the  languages  they  investigate,  they  cannot  be  trusted  upon 
this  point ;  so  that  we  have  yet  to  learn  which  of  the  two 
sounds  is  present  in  certain  languages,  the  phonology  of  which 
is  apparently  treated  with  great  fulness.  Judging  from  a  par- 
tial investigation,  the  Russian  ^B'  has  the  power  of  English 
and  French  labio-dental  v. 

Some  writers  (as  Le  Brethon  and  Marsden),  in  comparing 
the  French  and  English  vowels,  refer  &  to  that  in  fall,  and  &  to 

*  Modem  Greek  is  an  awkward  expression,  and  Romaic  is  incorrect,  and  as  the 
language  has  lost  h,  Hdlenic  has  become  EUenic,  The  word  Anglo-Scuron  is  equally 
awkward,  and  degenerates  into  " Saxon"  —  a  name  which  should  be  restricted  to 
Pkatdeutsch  in  its  modem  and  ancient  or  old  Saxon  form.  The  change  of  languages 
iuYolves  a  change  of  pronunciation,  as  in  the  German  klar,  which  closes  to  dair  in 
French,  and  still  further  to  clear  in  English ;  so  the  language  of  Anglia  and  the 
Angles  was  Anglish,  and  passed  through  Englishj  with  e  in  met,  to  the  modem 
IngUsh,  with  the  rowel  in  fit. 
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that  in  end;  whilst  others  (Picot,  Bolmar,  &c.)  refer  &  to  the 
English  vowel  in  amij  and  6  to  that  in  fate.  Duponceau,  in 
1817  (Am.  Phil.  Trans.  L  229),  refers  the  English  vowel  in 
fat  to  the  French  vowel  in  terrey  pire^  an  error  which  Germans 
commonly  make.  In  the  alphabet  of  Lepsius,  fat  would  be 
written  iet,  and  the  French  mire  mer.  Duponceau  seems  to 
have  been  the  first  to  show  that  the  initial  vowel  of  the  Eng- 
lish diphthongs  in  aisle  or  isle^  and  otalj  is  not  that  in  arm,  but 
the  French  &,  which  is  made  with  a  narrower  aperture  than  a 
in  arm  requires,  and  with  a  slight  tendency  towards  awe.  The 
same  author  gives  as  the  components  of  English  u  in  usage,  the 
vowels  of  eel  and  ooze,  —  an  error  which  is  retained  by  most 
English  authors,  very  few  of  whom  know  what  a  diphthong  is. 
Every  vowel  added  to  a  word  forms  an  additional  syllable, 
and  as  English  u  is  a  monosyllable,  one  of  its  elements  is  a 
consonant ;  namely,  the  initial  when  it  is  pronounced  yau,  and 
die  final  when,  as  is  sometimes  the  case,  it  is  a  diphthong  pro- 
nounced like  the  Welsh  iw  and  Belgian  ieWy  with  the  vowel  of 
U  (Grerman  hitzig-)  and  t^  as  a  consonant  in  now,  or  German 
u  in  hoHS.  Similarly,  the  final  element  of  cto-y  is  a  consonant, 
and  of  claw^  a  vowel.*  Gterman  and  French  writers  seem 
not  to  be  aware  of  the  nature  of  diphthongs,  and  in  Latin- 
English  grammars  they  are  described  as  vowels.t  In  most 
ethnic  alphabets,  including  that  of  Lepsius,  the  last  element  of 
tiie  diphthongs  is  represented  by  a  vowel  character,  —  a  fun- 
damental error  founded  upon  the  crude  analysis  of  the  an- 
cients. J     The  term  diphthong  is  itself  almost  useless,  because, 

*  Hald.  Latin  Pronanciation,  \\  109,  111.  Latham's  Englbh  Language,  1841,  p. 
106,468. 

t  Andrews  and  Stoddard  consider  the  Towels  of  fall  taidjeel  diphthongs,  because 
they  pronoance  the  Latin  LAVS  and  AETAS  with  them.  They  say  that  **  two 
voiodi  in  immediate  succession  in  the  same  syllable "  (including  UO,  UA !)  "  are 
(ailed  a  diphthong.  Yet  if  AETAS  is  read  with  but  four  elemento  instead  of  five 
(the  a  in  arm  being  omitted),  the  word  does  not  contain  *'  two  Towels  in  immediate 
raocession." 

\  Dr.  Lepsius  assigns  (Standard  Alphabet,  p.  41)  to  the  Latin  diphthong  ob  (ot 
in  going^  when  pronounced  as  a  monosyllable)  the  power  of  the  Qerman  vowel  o,  and' 
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as  the  first  element  is  already  a  vowel,  the  peculiarity  lies  in 
the  second  coalescing  with  the  first,  (an  impossibility  with  a 
second  and  subsequent  vowel,)  whence  it  may  be  called  a 
coalescentj  meaning  by  this  term  those  consonants  that  approx- 
imate as  nearly  as  possible  to  the  vowels. 

In  a  French  work  on  Russian,  the  twenty-ninth  Russian  let- 
ter, b,  is  explained  by  comparing  it  with  the  French  "  e  mute," 
whilst  the  twenty-seventh  letter  is  said  to  have  no  sound,  but 
to  indicate  that  the  preceding  consonant  is  to  be  pronounced 
with  force,  and  as  if  it  were  doubled.  This  gives  a  very  in- 
correct view  of  these  letters.  For  example,  the  Russian  word 
for  five  is  a  monosyllable  with  the  short  a  in  ar^,  which  might 
be  represented  pjatj  in  Latin  or  German  letters,  and  pyaty  in 
English  letters,  the  final  y  being  the  Russian  (b),  and  the  mod- 
ified y-sound  following  /  in  the  French  "U  mouill6e."  This 
addition  to  consonants  is  so  conmion  in  Russian,  that  its  ab- 
sence is  marked  by  the  yerry  as  in  the  word  o-ke-kn  ocea/n^ 
which  is  written  with  the  final  yerr.  The  allusion  to  doubled 
letters  might  cause  Russian  to  be  associated  with  Arabic, 
Latin,  and  Italian,  which  are  among  the  few  languages  which 
have  doubled  or  geminate  elements,  as  in  the  Italian  "  Gio- 
vanni," John^  in  which  each  n  is  as  distinctly  sounded  as  in  the 
English  words  one  name. 

Arabic  has  such  doubled  consonant  sounds ;  yet  it  would 
be  wrong  to  consider  the  sixteenth  Arabic  letter  Ua  such  a 
gemination  on  the  authority  of  Richardson,  who  describes  it 
(Grammar,  p.  9)  as  "double  /,  or  t  with  a  slight  aspiration," 
a  description  which  is  void  of  meaning,  the  reader  being  un- 
able to  tell  whether  the  conjunction  is  copulative  or  disjunc- 
tive, and  consequently  whether  the  latter  member  of  the  sen- 
tence is  explanatory  of  the  former.  Brown  (Journey  to  Dar 
Ffir)  assigns  to  the  Dar  Runga,  words  like  Ua  water,  mmi  wo- 

ignoring  the  Latin  nasal  Yowela,  writes  kolum  for  ooblum.  The  dots  are  placed  be* 
low  o  to  afford  room  above  for  accent  marks,  yet  nasal  Towels  are  indicated  by  (") 
above,  which  may  call  for  vowel  characters  surmoanted  with  the  three  signs  ("  **  0* 
Thus  the  French  word  saru  (saj  is  long,  and  cent  (sS^)  is  short. 
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man,  dd^ta  mountain,  ivwi  wind,  ggd  reprimanding ;  but  as  he 
gives  no  exjdanation  of  his  notation,  these  are  doubtful  exam- 
ples of  geminate  consonants. 

Many  English  people  fancy  that  they  have  double  conso- 
nants, because  they  spell  certain  words  (e.  g.  all,  well,  off,  lesson, 
back,  annex,  allude)  with  double  characters.  This  practice  is 
Iq  use  to  indicate  a  short  preceding  vowel,  and  when  an  Eng- 
lishman writes  a  Latin  Oranmiar,  he  is  apt  to  believe  and  as- 
sert that  syllables  which  are  long  "  by  position "  are  really 
short,  but  are  "  counted "  or  "  considered "  long,  by  a  "  me- 
chanical rule " ;  whereas,  the  doubled  consonants  heard  in 
Italian  show  that  such  syllables  are  really  long,  because  it 
requires  more  time  to  pronounce  two  elements  than  one.* 
Similarly,  Latin  diphthongs  are  long,  not  by  an  arbitrary  rule, 
but  because  the  two  elements  of  AV,  AE,  OE,  &c.  require 
more  time  than  A  and  O  alone. 

The  nosed  vowels  of  but  few  foreign  languages  are  properly 
understood,  and  the  ignorance  of  writers  whose  vernacular 
does  not  contain  them  is  frequently  apparent.  The  error  here 
is  sometimes  so  great,  as  to  cause  a  confusion  between  vowel 
and  consonant,  as  in  mistaking  the  nasal  vowel  of  the  French 
fin  for  the  English  and  German  nff  in  fang.  The  French 
word  Jin  contains  but  two  elements,  a  consonant  followed  by 
a  genuine  vowel,  whilst  the  English  fang  has  three  elements, 
and  ends  with  a  consonant  The  mistaking  one  for  the  other 
would  be  exactly  paralleled  in  the  practice  of  a  foreigner  who 
(or  pea  would  ^vepeag  as  an  English  word. 

This  error  in  regard  to  the  nasals  appears  in  Riggs's  valuable 
Grammar  and  Dictionary  of  the  Dacota  Language,  based  up- 
on the  studies  of  a  number  of  observers  during  a  period  of 
eighteen  years,  and  submitted  to  the  inspection  of  a  learned 
committee  previous  to  its  publication  by  the  Smithsonian  In- 
stitution.   To  a  given  character  the  power  of  *n'  in  the  French 

*  Most  English  grammarians  do  not  distingaish  between  tlie  length  and  the 
qoality  of  their  own  vowels,  regarding  a  and  o  in  fate  and  dbey  as  long,  and  those  of 
f  &t  and  dbject  as  short,  although,  in  these  examples,  the  quantity  does  not  differ. 
1* 
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bon  and  English  drink  is  assigned,  so  that  the  reader  is  unable 
to  pronounce  with  certainty  the  numerous  words  represented 
by  this  character,  —  an  *  n '  the  second  line  of  which  is  pro- 
duced and  ends  like  *  j.'  But  it  is  probable  that  neither  the 
French  nor  the  English  sound  occurs  uniformly,  for  in  the  al- 
lied Conzo  (each  o  as  in  noty  z  in  zeal)  the  reporter  has  heard 
both,  as  (to  use  German  characters)  in  hiing-ga  leggins^  with 
u  long  and  accented,  and  a  short  as  in  art.  The  French  sound 
occurs  in  the  Conzo  word  for  five^  which  is  the  English  sylla- 
ble saw  accented  and  followed  by  t  and  the  French  wn,  as  if 
sJiwtu".  Using  *«'  for  Mr.  Riggs's  letter,  the  Dacota  word 
for  leggins  is  hui2sk&,  and  for  Jwe^  zaptan. 

Independently  of  the  errors  of  observation,  some  writers 
have  a  practice  of  referring  the  sounds  they  meet  with  to  those 
of  other  languages  which  they  may  know  from  description 
alone ;  and  some  proposers  of  general  alphabets  supply  such 
foreign  sounds  with  characters,  although  they  run  the  risk 
of  giving  different  characters  to  the  same  sound,  or  of  con- 
founding distinct  sounds.  An  English  alphabet-maker,  upon 
reading  that  the  Lenape  (lenape)  aborigines  use  a  whistle  in 
speech,  might  propose  a  character  for  it,  although  this  sound 
is  nothing  but  English  wh  before  a  consonant,  as  in  whte  heart 
{e  in  they)y  its  occurrence  in  a  new  connection  conveying  an 
impression  analogous  to  that  which  a  new  sound  would  give. 
In  comparisons  of  sounds,  the  reader  should  be  informed 
whether  the  author  has  heard  those  he  uses  for  comparison, 
and  whether  his  opportunities  have  been  few  or  many.  Some 
sounds  can  be  accurately  described  to  those  unfamiliar  with 
them,  as  the  German  ir,  Greek  phi^  English  ih  in  ihin^  then^ 
Welsh  aspirate  ZZ,  rA,  which  latter,  together  with  the  Oriental 
g'hain  and  its  surd  cognate  (as  they  occur  in  Armenian)  the 
reporter  was  accustomed  to  pronounce  before  he  heard  tiiem 
from  natives. 

The  alphabets  used  by  various  authors  will  give  a  good  idea 
of  the  state  of  our  knowledge  in  this  department,  except  that 
they  will  not  always  enable  us  to  establish  a  parallel  between 


KNOWLEDGE    OF    LINGUISTIC   ETHNOLOGY.  7 

them.  After  Rapp's  Physiologic  der  Sprache,  the  Essentials 
of  Phonetics  of  Mr.  A.  J.  Ellis,  A-  B.,  London,  1848,  may  be 
placed,  as  a  conscientious  and  valuable  contribution  to  the 
general  subject.  Being  printed  in  the  author's  alphabet,  its 
use  is  restricted  to  those  who  can  speak  English.  The  alpha- 
betic portion  of  this  treatise  is  so  corrupt,  that  it  ought  not  to 
be  used  for  any  language ;  but  it  has  an  important  concession 
to  correct  scholarship,  in  the  use  of  Cay  (and  not  Kah)  as  the 
cognate  of  Gray. 

Gastrin's  Grammatik  der  Samojedischen  Sprachen  (St  Pe- 
tersburg, 1854)  contains  a  careful  analysis  of  the  sounds  used. 
The  iotacized  (mouill^es)  consonants,  or  those  followed,  and 
in  some  cases  modified,  by  the  guttural  coalescent  approach- 
mg  EngUsh  y  in  million^  are  seven  in  number,  /,  r,  n^  ty  dj  Sj 
and  English  z,  marked  with  a  curved  line  through  the  stem 
(on  the  right  of  n,  rf)  of  the  characters,  —  an  awkward  nota- 
tion requiring  too  many  distinct  characters.  Ellis  uses  (j)  de- 
prived of  its  upper  and  lower  dot  (as  in  Ij,)  which  is  unexcep- 
tionable. The  peculiarity  of  these  compounds  is,  that  whilst 
they  commence  with  ^  &c.,  the  tongue  passes  to  the  iotacism 
before  the  /  is  completed,  million  being  mil^yon  when  thus 
iotacized,  which,  however,  is  not  essential  to  its  purity  as  an 
English  word.  A  soft  lisped  d  is  assigned  to  Lappish,  which 
is  allied  to  a  lisped  r.  The  latter  quality  seems  to  remove  it 
from  English  sonant  th  in  then.  ,  This  curious  sound  should 
be  compared  with  the  peculiar  Irish  Ij  which  the  reporter  first 
noted  as  an  1-sound  mixed  with  sonant  thj  but  subsequently 
determined  to  be  the  sonant  analogue  of  the  Welsh  surd  aspi- 
rate Uy  to  which  it  would  bear  the  same  relation  that  thy  bears 
to  thigh.  A  sound  between  /  and  A  is  mentioned,  —  probably 
Greek  phi ;  and  a  consonant  between  I  and  r.  Gastrin  assigns 
a  peculiar  u  to  Ostiak,  and  the  Russian  vowel  bl  to  Samoiede. 
The  latter  (which  has  been  heard  by  the  reporter)  may  be  de- 
scribed as  a  long  and  short  vowel  akin  to  English  and  German 
t  in  stilly*  but  formed  with  a  more  open  aperture,  and  the  an- 

*  This  is  not  the  short  quantity  of  the  vowel  in  fidd^  and  cannot  be  correctly 
represented  by  (I)  of  the  Latin  and  Italian  alphabets. 
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gles  of  the  lips  drawn  back.  It  has  the  pinched  quality  of 
Grerman  o  and  ii,  but  without  the  pursed  lips  used  in  forming 
these  well-known  vowels. 

Bohtlingk  (Ueber  die  Sprache  der  Jakuten,  St.  Petersburg, 
1851)  mentions  a  nasal  of  the  German  J.  The  reporter* 
mentions  such  a  souncl  as  present  in  Wyandot,  and  a  close  of 
the  glottis  ( marked  > )  which  has  since  been  observed  in  Chip- 
peway.  Judging  from  information  received  from  a  European 
who  had  resided  in  Syria,  this  "  close  of  the  glottis "  is  the 
Arabic  effect  termed  "  spiritus  lenis  "  and  marked  (')  by  Lep- 
sius. 

S^ufiic  (in  German  letters  Schunjitsch,  an  Dlyrian),  De 
Vera  Orthographia,  cum  Necessariis  Elementis  Alphabeti 
Universalis,  (Viennee,  1853,)  admits  twelve  vowels,  which, 
with  marks  of  accent  and  length,  require  seventy-two  modi- 
fications of  vowel  characters.  He  supposes  that  these  twelve 
correspond  with  the  twelve  semitones  of  the  musical  scale,  a 
view  which  is  fundamentally  erroneous.  Of  the  consonants 
he  enumerates  fifty,  including  Hie  mouill6  kind,  and  a  few  like 
ts,  tshy  &c.  He  assigns  to  the  German  w  the  power  of  the 
English  IT,  and  considers  German  b  in  haben  difierent  from  the 
ordinary  6,  his  informant  having  probably  been  a  provincial. 
He  omits  English  and  German  ngj  or  confounds  it  with  the 
French  ncisal  vowels ;  and  his  notation  is  over-crowded  with 
diacritcal  marks. 

Poklukar  (probably  an  Illyrian)  published  a  pamphlet  at 
Laibach  in  1851,  entitled,  Ankiindigung  eines  nachst  zu  verof- 
fentlichenden  allgemeinen  lateinisch^slavischen,  zugleich  dent- 
schen,  fianzosischen,  itaUenischen  und  eventuel  auch  eines  Uni- 
versal- oder  Welt-  Alphabetes,  &c.  He  confounds  Grerman 
tiff  in  Icmff  (Eng.  long)  with  French  n  in  loin;  and  French  v 
with  German  w.  His  notation  is  objectionable,  although  he 
starts  with  the  best  possible  rule  to  secure  conrectness  and  final 

*  On  some  Points  of  Linguistic  Ethnology ;  with  Ulostrations,  chiefly  from  the 
Aboriginal  Langnages  of  North  America.  Proceedings  of  the  American  Academy- 
Cambridge  and  Boston.    October  3, 1S49.    Svo. 
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unifonnity,  by  preventing  each  author  from  being  influenced 
by  the  power  which  a  letter  may  happen  to  have  in  the  alpha- 
bet he  is  best  acquainted  with.  This  rule  requires  that  an  air 
phabet  shovid  not  corUradict  the  Latin  originalj  Latin  being  in 
some  sense  the  ( Weltsprache)  universal  language.  The  report- 
ct's  Elements  of  Latin  Pronunciation  (Philadelphia,  1651) 
grew  out  of  a  perception  that,  without  such  an  investigation, 
not  a  single  step  could  be  made  in  the  right  direction  towards 
a  general  alphabet,  the  construction  of  which  should  be  based 
rather  upon  scientific  principles  than  upon  the  vagaries  of  each 
individual  who  may  be  called  upon  to  write  a  language  for  the 
first  time.  Poklukar  uses  B,  F,  J,  and  other  letters,  correctly, 
but  by  a  false  assumption  he  uses  C  2iS  ts  (although  he  had 
already  a  t  and  an  5  in  his  alphabet!)  and  prefers  x  to  the 
Latin  Cay  or  Greek  Kappa. 

Among  the  latest  works  upon  the  subject*  is  Professor  Lep- 
sius's  AUgemeine  linguistische  Alphabet,  (Berlin,  1855,)  of 
which  there  is  an  English  version,  entitled,  "  Standard  Alpha- 
bet  for  reducing  Unwritten  Languages  and  foreign  graphic 
Systems  to  a  uniform  Orthography  in  European  Letters,  &c'' 
(London,  1855.)  The  profound  learning  of  the  author,  and 
the  use  he  has  made  of  his  alphabet  in  the  languages  of  Nubia 
and  Dar  Fur,  render  this  a  very  important  work.  It  has  been 
approved  by  the  Royal  Academy  of  Berlin,  which  has  had  the 
necessary  types  cut  to  give  the  system  publicity ;  and  many  of 
the  missionary  societies  have  adopted  it,  including  the  English 
"  Church  Missionary  Society,"  who  have  commenced  using  it 
in  the  works  of  the  Rev.  S.  W.  Kolle  on  the  languages  of 
West  Africa.  Professor  Lepsius  expresses  a  hope,  that,  in 
cases  where  missionaries  are  disposed  to  make  alterations  in 
his  notation,  *'the  Committees  of  Societies  will  require  the 
reasons  of  such  deviations  to  be  laid  before  them  and  dis- 
cussed." 

*  Lanth's  Yollstandige  UniTersal-Alphabet,  (Monchen,  1S55,)  and  Professor  Max 

Holler'g  Languages  of  the  Seat  of  War  in  the  East with  an  Appendix  on  the 

Missionary  Alphabet,  —  have  not  yet  been  received. 
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This  system  professes  to  have  a  physiologicd  basis,  and  the 
labors  of  the  eminent  physiologist,  Joh.  Miiller,  are  acknowl- 
edged in  this  field.  Mr.  Ellis  states  that,  in  Miiller's  accoimt 
of  the  elements,  "  the  faults  of  a  Grerman  ear  are  still  con- 
spicuous." Miiller  (Elements  of  Physiology,  English  edition, 
1848,  p.  1051)  does  not  understand  the  nature  of  his  own  J, 
which  he  supposes  a  sonant  German  ch,  as  English  ar  is  a  so- 
nant s.  With  him,  m  is  not  a  labial  consonant,  and  he  does 
not  know  the  distinction  between  p  and  b.  He  considers  p  as 
having  an  aspirate  quality,  probably  because  an  aspirate  is 
made  after  it,  as  in  pronouncing  tap'y  where  a  Chinese  would 
say  tap\  TS  p  in  tap^  and  haphazard  is  to  be  named  an  aspi- 
rate  from  the  phase  which  follows  it,  the  p  in  pat/,  play  must 
be  a  vowel,  or  the  consonant  L  If  the  t  in  boathook  is  an  as- 
pirate because  A  follows  it,  it  is  equally  an  aspirate  when  it 
precedes,  as  in  the  Iroquois  word  alita. 

Professor  Lepsius  says  that  in  adna  or  anda  we  pronounce 
"  only  half  the  n  and  half  the  rf,  whilst  in  ana  and  ada  we 
pronounce  the  whole  of  n  and  d."  According  to  this  reason- 
ing, as  n  cuts  off  the  first  half  of  d  in  anda,  and  the  last  half 
in  adn^  both  halves  of  the  consonant  between  consonants 
must  be  lost  in  lend  not,  wends,  endless,  string,  warps,  and  in 
the  German  proper  names  Heindl,  Jondl,  Zarbl,  Birkl,  Schmblzl, 
Dietzsch,  &c. 

This  mode  of  regarding  a  consonant  position  and  a  vowel 
position  of  the  organs  as  in  a  manner  constituting  a  unitary 
element,  has  given  rise  to  alphabets  of  a  more  or  less  syllabic 
character,  like  the  Cherokee,  Ethiopic,  Hebrew,  and  Sanscrit ; 
and  the  system  of  Professor  Lepsius  is  heterogeneous  in  ad- 
mitting t  and  a  for  ta,  whilst  in  the  Hottentot  dental*  clack 
he  uses  but  one  character  for  the  consonant  position  of  the  or- 
gans (a  kind  of  t),  and  the  reverberation  which  follows  it  in 
the  cavity  of  the  mouth,  set  in  a  vowel  position. 

t : 

^  Mentioned  here  because  it  is  the  only  one  heard  from  a  native  by  the  reporter, 
who  has,  however,  heard  several  others  in  American  languages.  A  change  of  nota- 
tion is  required  to  distinguish  the  clacks  formed  by  sucking  in  air  from  Uiose  in 
which  it  is  expelled. 
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Professor  Lepsius  considers  the  vowel  in  worth  as  "  inherent 
in  all  soft  Mcative  consonants,"  such  as  English  v,  in  which 
there  is  indeed  sonancy,  but  no  vowel  power,  and  least  of  all 
one  requiring  such  open  organs  as  that  in  worth.  If  anything, 
the  supposed  inherent  vowel  in  English  v  is  Grerman  ii. 

A  consonant  like  /,  r,  and  English  z,  may  have  the  organs 
80  little  closed  as  to  ap^nroach  the  vowel  quality,  and  in  this 
case  the  small  circle  placed  beneath  the  character  by  Dr.  Lep- 
8103  is  a  good  mark.  But  he  uses  the  mark  with  n  and  m 
when  they  form  syllables,  although  in  these  cases  they  do  not 
differ  from  ordinary  wi,  n.  Thus  if  2:,  in  the  Chinese  word  t$z 
qnoted  by  him,  is  English  z  following  5,  it  does  not  want  the 
mark  In  English,  the  second  vowel  of  misses j  horses^  is  often 
omitted  in  hurried  or  careless  speech,  forming  the  dissyllables 
mr$2^  hof'SZy  as  in  sttrdn  (sudden),  prirsm  (in  which  sm  have 
the  same  power  as  in  pri-smat-ic),  Grerman  v^r-larss%  vW-der-b^n. 
In  rare  cases  a  mark  of  syllabication  will  be  necessary,  as  in 
prairie^  often  pronounced  in  English  as  a  trisyllable,  with  or 
without  the  vowel  of  tUter  in  the  first  syllable,  in  the  latter  case 
forming  pr-oi-rfe. 

Professor  Lepsius  follows  the  English  in  admitting  an  <'  in- 
distinct vowel  sound"  in  nation,  velvet,  &c.  This  is  the  vow- 
el of  worth  and  urn,  which  stands  on  the  throat  side  of  the 
vowel  scale,  opposite  to  awe  on  the  labial  side.  It  does  not 
yidd  in  distinctness  to  any  of  the  vowels,  but  as  Latin  U  and 
V  (English  w)  and  I  and  J  are  allied,  so  the  vowel  in  urn  ap- 
proximates English  smooth  r,  and  coalesces  with  it.  Hence, 
if  a  person  jMronounces  ramrod  (ra-mrod),  omitting  -od,  the  lis- 
tener accepts  the  remainder  rarmr  as  rammer.  This  so-called 
"  indistinct  vowel "  is  doubtful  as  a  German  sound,  being  more 
probably  elided  in  lieb%  &c.,  as  it  sometimes  is  in  the  English 
words  nation,  iheair^y  &c.  Its  resonance  may,  we  are  told,  be 
lost  "  by  partially  contracting  the  mouth,  or  even  closing  it  en- 
tiiely.  In  the  latter  case  it  is  heard  through  the  nose."  This 
supposed  vowel  is  the  consonant  m.  The  English  vowel  awe 
is  given  as  an  Italian  sound,  although  this  lies  between  awe 
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and  owe  (Ellis,  p.  20).  But  six  labial  consonants  are  admitted, 
Pj  6,  m,/,  and  English  v  and  «?,  no  mention  being  made  of  ^, 
EUenic  /8,  nor  English  trA,  although  English  examples  are 
freely  cited,  and  the  number  of  English  consonants  stated  to 
be  twenty-two.  English  wh*  was  probably  supposed  to  be 
English  w  (Latin  v  in  qvinqve,  svavis,  &c.)  preceded  by  A,  an 
opinion  in  which  Professor  Lepsius  was  likely  to  be  seconded 
by  the  English  committee  which  he  met,  and  this  view  wotdd 
probably  be  sustained  by  the  missionary  committees  to  whose 
decision  he  would  have  the  results  of  original  investigators  re- 
ferred, in  case  they  should  differ  from  the  views  laid  down  in 
the  Standard  Alphabet. 

If  such  grave  errors  can  take  place  with  the  labials,  the  or- 
gans of  which  can  be  seen  and /eft,  in  addition  to  the  sounds 
being  heard^  we  may  well  doubt  the  analysis  of  sounds  formed 
out  of  sight,  in  the  depths  of  the  fauces ;  and  consequently, 
the  following  observations  are  open  to  correction.  Recalling 
the  admission  that  the  reporter  has  never  heard  Arabic  from  a 
native,  yet  he  is  vernacularly  familiar  with  the  German  smooth 
aspirate  or  spirant  of  gay  in  re'gen^  which  is  the  sonant  of  ch 
in  tcA,  is  free  from  vibration,  and  belongs  to  the  cay  contact. 
The  Ellenic  *gamma  (judged  by  ear  from  native  sources)  be- 
longs to  the  same  contact,  is  made  with  a  similar  close  of  the 
organs,  but  has  the  addition  of  a  mild  vibration,  probably  due 
to  the  vibrant  action  of  the  edge^  and  not  the  body,  of  the  pal- 
atal veil.  The  French  r  grassey^e  is  probably  formed  by  the 
body  of  the  palatal  veil,  with  perhaps  little  or  no  contact  of  the 
tongue  and  palate,  wherein  it  would  differ  from  "^mma. 

Some  of  the  Oriental  languages  have  a  contact  behind  that 
of  cay^  of  which  qof  may  be  considered  the  characteristic. 
Aspirating  qof  produces  a  faucal  qh  analogous  to  x>  and  when 
this  is  made  sonant  the  analogy  is  with  aspirate  gay.  Profes- 
sor Lepsius  considers  the  German  aspirate  g*,  Ellenic  y,  and 

4^  In  a  former  paper,  the  present  reporter  has  affirmed  that  no  orthoepist  known 
to  him  had  been  able  to  stAte  correctlj  the  elements  which  occur  in  the  English 
word  when. 
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Annenian  ghad  identical^  and  of  coarse  represents  them  vnih 
the  same  chsLracter ;  and  the  surd  form  of  gkad  is  considered 
identical  with  ch  in  ich^  —  a  greater  error,  apparently,  than  to 
eonfoand  cay  and  qof^  or  the  Arabic  ^  spiritos  lenis "  ( ' )  of 
Lepsios,  with  JaiD,  as  he  marks  it 

Richardson,  in  his  Arabic  Dictionary,  says  oighain:  ^^  This 
letter  is  articulated  in  the  throat  with  a  vibration  producing  a 
soaod  like  that  given  to  r  by  the  Northumbrians,  or  the  noise 
made  in  gargling.  ...  It  seems  to  bear  the  same  relation  to 
kkdi&bio  j9,"  —  L  e.  the  relation  of  sonant  to  surd.  The  M, 
he  states,  "  is  generated  by  a  gentle  vibration  in  the  throat "  ; 
coflsequently  it  is  not  the  Oreek  nor  German  ckL  Sir  Wil- 
liam Jones  says  that  ^the  Persians  and  Arabs  pronounce 
their  ^Aom  with  a  bur  in  the  tiuroat  and  a  tremulous  motion  of 
the  tongue,  as  in  making  the  rough  r";  —  and  according  to 
S'^nfdc  its  surd  analc^ue  is  an  aspirate  ^  qui  a  graeco  %  cbi  in 
eo  diifert  quod  quasi  gargarizando  efferatur/' 

These  two  vibrant  sounds  appear  in  the  following  Arme- 
nian words,  premising  that,  as  the  character  for  the  Armenian 
ghad  resembles  an  angular  '*  2,"  this  will  be  used  for  it,  whilst 
Hi  will  represent  the  surd  sound ;  9  the  vowel  in  under^  e  that 
in  met;  a  that  in  arm^  but  short  in  these  examples ;  r  English 
sh;  c  as  A;  and  the  objectionable  character  z  as  in  English:  — 

dzndz2a',  a  cymbal;  ki6Lc,  the  mind;  •'qatf,  a  crucifix; 
S:i8SidNTreL,  a  neigh. 

The  division  of  the  consonants  into  contacts  is  natural,  and 
was  appreciated  by  Aristotle,  the  Hebrew  Grammarians,  the 
Abbe  Sicard,  &c.  A  consonant  character  indicates  a  closing 
of  the  organs,  as  p,  ^,  /,  whether  it  precedes  smother  effect,  as 
in  /a^,  play;  or  follows,  as  in  offy  or  does  both,  as  in  eft. 
Each  contact  is  subject  to  nearly  the  same  phases,  that  is,  if 
the  closed  lips  make  py  the  tongue  will  make  t  and  its  base  A;. 
Adding  sonancy  to  these  gives  6,  dy  gay;  open  the  nasal  pas- 
sage, and  these  become  w,  w,  ng.  Professor  Lepsius  divides 
the  phases  of  the  contacts  into  explosives  or  dividucdy  as  ty  d, 
2 
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C 

n ;  fricatives  or  conHntuSj  as  5,  z ;  and  ancipUeSj  as  r,  /.  In 
the  labial  contact,  p,  6,  w  are  placed  as  explosives ;  /,  v,  tr, 
(English)  as  fricatives,  without  any  ancipites ;  although  Eng- 
lish t^7  is  to  6  as  Z  is  to  d,  and  English  y  to  g*ay.  Apparently 
to  accommodate  the  Grerman  nomenclature,  voiceless  conso- 
nants, as  p^  /,  are  termed  fortis  instead  of  surdj  whilst  b  and 
English  V  are  termed  lenis  instead  of  sonant.  The  Mcatives 
are  the  aspirates  of  other  authors,  whether  sonant  or  surd,  ex- 
cept with  those  who  think  "sonant  aspirate"  contradictory, 
and  prefer  "  spirant"  for  such  elements  as  English  v,  z^  and  th 
in  then. 

English  w  and  y  (Latin  V,  J)  are  not  Mcative  in  the  sense 
of/,  5,  Xj  &C'5  but  they  become  so  when  aspirated  in  the  words 
when  and  hue  or  heto^  the  initial  of  which  is  in  neither  case  A, 
as  many  suppose.  Writing  hue  in  Latin  letters  and  marking 
surd  by  (')  it  will  stand  ''JJU  or  JhJU,  English  u  being 
normally  Latin  JU. 

Instead  of  twenty-two  ''simple  consonantal  sounds"  as- 
signed to  English  by  Professor  Lepsius,  the  following  may  be 
enumerated :  — 


Labial. 

Dental. 

Palatal 

Gottnral. 

Glottal. 

W 

1 

r 

soldier 

y 

... 

wh 

... 

... 

noiuie 

hue 

h 

m 

n 

... 

... 

ng 

... 

b 

d 

... 

... 

g 

••• 

...  V 

dh  ... 

z 

zh 

.*• 

P 

t 

... 

... 

k 

... 

...f 

m         j1 

th... 

J J 

s 

^LX     "!_ 

sh 

-     „   /__ 

Tit 1?^K 

To  these  twenty-six  might  be  added  an  r  (as  some  English 
people  use  both  a  rough  and  a  smooth  one),  and  mh  for  the 
English  and  German  exclamation  hm  (really  ''mm),  a  surd  as- 
pirate followed  by  pure  m.  This  aspirate  is  sometimes  re- 
placed by  ^n  (found  in  Cherokee)  and  ''ng'.  See  Rapp,  Vol. 
II.,  middle  of  p.  267,  and  Vol.  I.  p.  166,  note. 

It  is  here  intended  to  assign  to  the  English  word  nature  a 
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sard,  and  to  soldier  a  sonant  eifect,  allied  to  ^  in  ^^,  pouj  but 
made  at  the  post-palatal  point,  and  constituting  the  liquids  of 
which  zh  and  sh  are  the  aspirate  mutes,  and  into  which  they 
are  apt  to  fall,  just  as  r  may  fall  into  s  or  z,  or  to  into  v  or  /. 
Hence  nature  is  often  natsh'r,  as  soldier  is  soldzh'r.  In  the 
mouill6  efiect,  the  modified  p  is  not  only  drawn  forward  to  the 
palatal  position,  but  when  it  follows  a  dental,  this  often  recedes 
to  meet  it,  even  when  the  double  effect  has  become  t-sh,  that  is 
to  say,  in  order  to  bring  t  nearer  to  ^,  or  to  5A,  it  is  often  drawn 
back  from  the  teeth,  and  the  point  placed  against  the  base  of 
the  lower  teeth  as  a  fulcrum.* 

The  notation  of  the  "  Standard  Alphabet "  is  defective, 
whilst  tendencies  towards  uniformity  are  not  fostered  by  its 
third  and  fourth  rules,  which  do  not  regard  the  purpose  for 
which  a  given  character  was  invented.    The  four  rules  are :  — 

L  Every  simple  sound  ought  to  be  represented  by  a  simple 
sign. 

II.  Different  sounds  are  not  to  be  expressed  by  one  and  the 
same  sign. 

III.  Those  European  characters  which  have  a  different  value 
in  the  principal  European  alphabets,  are  not  to  be  admitted 
into  a  general  alphabet. 

IV.  Explosive  letters  are  not  to  be  used  to  express  fricative 
sounds,  and  vice  versa. 

The  first  two  rules  are  proper,  the  others  are  exceptionable. 
The  first  is  broken  by  its  proposer  in  assigning  a  simple  char- 
acter for  the  contact  and  the  subsequent  resonance  of  the 
Hottentot  clacks.  The  second  is  broken  by  representing  the 
English  combination  t-sh  partly  by  t  and  the  character  for  sh 
(p.  55),  and  partly  (as  in  Arabic  and  Persian)  by  k  surmount- 

*  When  the  iotacism  follows  a  labial  or  gattnral,  it  can  scarcelj  be  called  a 
mooill^  effect,  althongh  it  is  so  considered  in  the  Slavonic  languages.  The  t  and  d 
thus  drawn  back  to  a  slight  extent  in  the  English  t^h  and  d-zh,  woald  require  little 
to  place  them  among  the  palatals,  when  the  t  would  be  the  lenis  of  s^  and  the  d  of 
h  or,  if  nasalized,  it  would  form  a  sound  between  n  and  ng^  perhaps  the  Sanscrit 
palatal  na. 
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ed  by  an  accentual.  In  Mpongwe  (p.  57)  this  K  stands  for 
English  tyj  and  on  p.  42  l!  is  assigned  to  ty  in  case  it  should 
be  required.  Hence,  in  his  alphabets  of  Ktia  and  Herer6  (p. 
57)  we  do  not  know  whether  k!  means  tsh^  ty^  or  even  ky. 

By  Rule  IIL  c,  cA,y,  x^  are  excluded,  and  most  of  the  char- 
acters might  have  been  got  rid  of  by  the  same  unphilosophical 
process.  If  in  the  course  of  time  the  measures  of  the  French 
metre  should  become  shortened,  partly  by  the  abrasion  incident 
to  use,  and  partly  by  the  file  of  avaricious  dealers,  whilst  other 
dealers,  with  a  higher  appreciation  of  strict  accuracy,  would 
preserve  their  measures  at  the  standard  value,  —  if,  under  such 
circumstances,  the  government  were  to  enforce  uniformity,  those 
who  had  allowed  their  standard  to  deteriorate  would  be  clam- 
orous for  the  retention  of  their  own,  as  the  best  known.  Strict 
justice  would  require  that  the  original  metre  should  be  restored, 
although  none  but  a  few  just  traders  might  have  it  in  use. 

Notwithstanding  the  nations  of  Europe  have  faithfully  pre- 
served the  vowel  characters,  even  to  the  y  (German  ii)  of  the 
Danes  and  Swedes,*  there  are  several  alphabets  of  En^sh 
origin,  which  (simulating  the  weights  and  measures  of  certain 
dealers)  fall  so  far  short  of  the  standard  that  every  vowel  char- 
acter, even  to  that  of  O,  has  false  powers  assigned  to  it,  the 
opinions  and  practice  of  those  being  disregarded  who  had  for 
ages  kept  their  standard  pure.f  No  sophistry  should  induce  a 
Danish  missionary  to  pervert  a  letter  (Y)  belonging  to,  and 
made  for,  a  labial  vowel^  to  the  power  of  a  gvUural  consonant. 
PhilologicaUy,  it  is  worse  than  assigning  to  Latin,  German, 
Polish,  &c.  J,  the  power  of  English  w.  Let  Latin  '  V  have 
its  vowel  power  in  ooze^  ^V  that  in  believe^  and  *  Y*  that  of 
the  French  pinched  u  (which  bears  equal  relations  to  this  V 


*  Besides  the  correct  use  of  Y,  the  orthographj  of  the  Danish  word  "  hayn,"  a 
haveiif  (rhyming  with  (own,)  is  strictlj  Latin. 

t  Some  English  authors  have  gone  so  far  as  to  assign  to  Anglish  caif  the  power 
of  tsh,  as  if  to  flatter  superficial  readers  with  a  greater  resemblance  to  English. 
Were  this  yiew  truCi  the  English  words  broken,  kernel,  ache,  and  kin,  would  be 
older  than  the  Anglish  brocen,  cimel,  ece,  and  cynn,  Irish  cine. 
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and  I),  when  we  may  account  for  the  form  of  *  Y '  by  the  fol- 
lowing diagram  of  the  affinities  of  the  vowels :  — 

0         V        y  . 


A 


The  rule  which  rejects  C  should  not  retain  its  cognate  G, 
and  that  which  assigns  to  the  latter  its  original,  standard  pow- 
er in  get^  give,  should  have  retained  C  (or  at  least  a  character 
like  k  deprived  of  its  stem)  with  its  Latin,  Graelic,  Welsh,  and 
AngUsh  power,  as  Mr.  Ellis  has  done.  '  C '  (aided  by  <  Q ') 
is  the  normal  character  for  cay  in  the  Romanic  languages ;  and 
the  Latin,  German,  &c.  cA  is  a  concession  that,  if  *  cA '  repre- 
sents the  aspirate  ;f,  *  C '  without  the  aspirate  mark  A  must 
normally  represent  its  lenis  form  cay.  *  C '  is  rejected  by  Rule 
III.,  on  account  of  its  many  perversions,  although  still  used 
correctly  in  several  languages,  whilst  *  Z,'  with  as  many  per- 
versions, is  improperly  retained  with  a  corrupt  power.  Its 
powers  are  as  follows :  —  1.  Ancient  Greek,  as  English  zd;  2. 
Italian  dz  (and  ts)*,  3.  Grerman  ts;  4.  English  in  azure;  5. 
As  s  in  Hungarian  and  Danish,  and  the  German  '  iz^ ;  6.  Its 
French  power ;  7.  Its  Spanish  power. 

The  normal  character  for  the  sonant  s  in  rose^  misery,  is  s, 
in  German,  French,  Italian,  and  English ;  and  as  the  Latin 
mode  of  distinguishing  sonant  from  surd  is  seen  in  G,  C,  the 
sonant  *  s '  should  have  ended  in  some  similar  manner,  as  by 
a  conMna  point.  In  writing,  this  would  degenerate  into  some- 
thing like  the  numeral  sign  *  3,'  a  form  which  is  used  in  Rus- 
sian for  English  z,  constituting  a  very  suitable  letter.  Never- 
theless, the  adaptability  of  a  Z  rounded  into  a  reversed  S 
should  be  considered. 

As  English  sh  belongs  to  a  different  contact  from  s,  it  should 
not  be  represented  by  a  pointed  '  s,^  nor  French  j  by  a  point- 
ed *j2r,'  such  a  mode  being  as  unphilosophical  as  to  represent 
X  by  a  pointed  ^A,  or  th  by  a  pointed  /.  The  character  r  (but 
not  f  with  its  dot  and  curve  below  to  be  written  with  the  stem 
of  script  /  and  the  tail  of  y,  like  the  German  script  A)  was 
2* 
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proposed  by  Volney  for  «A,  and  has  been  used  to  some  extent. 
For  French  y,  the  Wallachian  form  is  probably  the  best,  being 
somewhat  like  (i)  inverted  '  f/  with  a  curved  line  through  the 
stem,  sloped  in  the  direction  of  the  acute  accentual.  Some 
such  characters  are  necessary,  the  paucity  of  aspirate  conso- 
nant characters  in  the  Roman  alphabet  being  admitted. 

Rule  IV.  is  probably  based  upon  forms  like  *th*  for  the 
Greek  theta,  —  a  false  notation  for  this  sound,  because  theta  is 
not  an  aspirate  of  ^,  but  a  member  of  a  different  contact,  so 
that  to  render  theta  lenis  (^0)  it  would  be  a  kind  of  t  formed 
between  the  teeth;  and  truly  to  aspirate  t  (*t)  would  be  to 
form  a  sound  strictly  at  the  t  contact,  with  a  quality  between 
the  aspirates  0  and  s.  Similarly,  's  would  be  s  deprived  of  as- 
piration, forming  a  kind  of  t  posterior  to  the  normal  L 

The  use  made  by  Dr.  Lepsius  of  (0)  for  the  surd  consonant 
of  thigh  is  unexceptionable,  but  as  he  wants  a  character  for 
the  sonant  of  thy*  he  wavers  between  ^  and  g,  proposing  at 
the  same  time  ff  for  0 ;  thus  establishing  a  complete  confusion 
in  the  use  of  the  Greek  spiritus  asper  and  lenis  marks.  In  ff 
an  aspirate  mark  is  added  to  that  which  is  already.aspirate, 
that  surd  may  be  understood ;  and  in  ff  the  lenis  mark  indi- 
cates that  vocality  has  been  added,  not  to  ff^  but  to  an  imagi- 
nary 0.  In  h*  the  aspiration  of  the  Arabic  hha  is  enforced, 
although  the  Ethiopic  character  (/R)  was  present  in  an  invert- 
ed Greek  ^-character,  which  would  recall  the  European  idea 
of  hh.  The  (y)  with  postposited  (')  is  given  for  Arabic  ghain 
and  Ellenic  gamma^  although  (x*)  ought  to  mean  A.  In  this 
notation  (f )  would  mean  /;  (f)  English  t?;f  and  (s')  Eng- 
lish z. 

*  That  of  Mr.  Ellis  formed  on  a  (d)  basis  is  probably  the  best,  —  or  rather  its 
later  form  in  the  English  phonetic  joamals. 

t  There  should  be  a  rule  to  the  effect  that,  When  a  character  is  perverted  from  its 
original  power,  its  firm  should  show  the  variation.  Hence,  if  prejudice,  or  ignorance 
of  Latin  speech,  should  prevent  a  missionary  from  using  (Y)  with  its  Latin  conso- 
nant power,  it  should  be  marked  to  indicate  its  corrupt  English  power.  Perhaps 
(y)  might  answer,  or  a  break  towards  the  left,  in  the  left  branch,  like  that  of  italic 
k.    This  would  remove  the  confusion  between  r  and  v  in  writing. 
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To  accommodate  Sanscrit  writing,  Professor  Lepsius  uses 
(p)  for  p  and  h  in  uphold^  although  all  that  was  necessary  was 
a  statement  of  the  fact  that,  in  the  Sanscrit  alphabet,  the  se- 
qnents  ph,  bh,  &c  (as  well  as  a  consonant  and  vowel  in  some 
cases)  are  supplied  by  a  single  character ;  a  statement  of  this 
kifld  being  considered  sufficient  in  regard  to  ps  having  a  single 
character  in  the  Greek  form  of  ellipsis.  But  whilst  the  spirit- 
as  asper  and  lenis  marks  are  used  in  these  heterogeneous  and 
unauthorized  modes,  the  former  is  used  as  a  separate  charac- 
ter for  Arabic  and  Hebrew  'o/e/.  This  is  at  least  a  doubtful 
view  of  the  Oreek  spiritus  lenis.  As  applied  to  a  consonant, 
we  see  it  in  ofpujv^  male  (and  apcrrjv^  because  the  surd  aspirates 
rh  and  5*  are  allied),  and  Dr.  Lepsius  admits  an  (f)  with  a 
Greek  key-word,  and  he  would  probably  write  the  Welsh  rh 
thus.  As  applied  to  a  vowel,  Chav6e  (Lexiologie  Indo-euro- 
p6enne,  p.  18),  with  great  probability,  explains  the  Ghreek  spir- 
itus lenis  as  the  slight  breath  which  precedes  an  initial  vowel ; 
for  as  the  vibration  of  the  vocal  ligaments  is  due  to  the  pass- 
ing air,  a  little  must  necessarily  pass  before  their  quiescent 
state  can  be  changed. 

Professor  Lepsius  uses  the  acute  accentual  (')t  over  (k)  for 
tsh;  over  (x)  to  distinguish  the  German  ch  in  tcA  from  that 
in  ach;  after  (/),  &c.  to  denote  the  mouill6  effect ;  and  in  (T) 
the  Welsh  surd  aspirate  /,  for  some  unexplained  reason.  To 
English  sh  and  zh  are  assigned  s  and  z  surmounted  by  the  (") 
mark  for  short  quantity,  —  a  perversion  of  a  well-known  mark, 
required,  with  the  mark  of  length  (as  in  Dacota  s  and  sh, 
Riggs,  pp.  184, 188),  to  distinguish  long  and  short  continuous 

*  Bat  Dr.  Latham,  English  Language,  1841,  considers  s  the  lenis  of  sL  He 
omits  A,  iph,  ng^  rh,  from  his  System  of  Consonants,  p.  112,  and  he  considers  the 
mutes  specificallj  distinct  to  be  no  more  than  sixteen.  To  these  add  bis  "  Semi- 
towels,  IT, y,"  and  "Liquids,  m,  n,  /,  r,"  n  being  giren  as  the  liquid  of  t,  d;  and  /, 

t  Afl  aa  accent  mark,  this  should  be  thick  above,  and  for  the  secondary  accent 
thicker  below.  If  used  for  other  purposes,  it  should  be  of  equal  thickness.  Used 
with  (" )  for  sobant  and  surd,  the  middle  part  should  be  cut  away  to  give  the  ap- 
pearance of  two  dots  in  sloped  directions. 
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consonants  in  some  languages.  S  is  thns  prolonged  in  hissing. 
"  The  people  of  Mallicollo  use  R  in  many  words,  two  or  three 
being  frequently  joined  together They  express  their  ad- 
miration by  hissing  like  a  goose."     (Cook's  Second  Voyage.) 

A  dot  is  used  over  (»)  by  Lepsius,  for  English  and  Grerman 
nffj  which  is  equivalent  to  representing  n  with  a  dotted  w-char- 
acter.  Consistency  should  have  required  this  dot  to  be  ("), 
because  both  indicate  that  the  marked  letter  belongs  to  a  pos- 
terior contact  Ellis's  character  is  much  better,  —  an  nrcharac- 
ter  with  the  second  limb  ending  like  (j).  As  a  capital  (and 
capitals  are  of  doubtful  utility)  that  of  Biggs  is  a  good  one, 
being  (N)  with  the  diagonal  shaped  like  a  sloped  (J.)  As  a 
dot  is  the  slightest  of  marks,  it  should  be  used  (below  the  let- 
ters) to  indicate  those  slight  evanescent  consonants  and  vowels 
which  occur  in  some  languages. 

Rule  IV.,  although  it  cannot  be  called  unphilosophical,  would 
deprive  us  of  a  well-known  and  exceedingly  definite  mode  of 
notation  with  the  aid  of  f  *),  and  obviate  the  necessity  for 
many  new  characters  in  the  course  of  linguistic  discovery. 
By  first  assuming  that  I  and  r  are  "  fricatives,"  Professor  Lep- 
sius admits  (*)  with  Z,  r,  but  denies  it  to  w,  w,  as  "  explosives," 
without  providing  a  means  to  indicate  the  same  phenomenon  in  the 
latter  case.  Sjogren  (Ossetische  Sprachlehre,  St  Petersburg, 
1844)  has  a  good  notation  for  the  aspirates.  He  uses  the 
Russian  alphabet  for  a  basis,  and  instead  of  the  ordinary  A, 
he  curves  the  end  towards  the  left  below  the  line,  in  the  shape 
of  (:?),  then  uses  this  appendage  as  the  indicator  of  aspiration 
and  spiration,  by  adding  it  to  the  stem  of  the  Russian  charac- 
ters for  J9,  tj  g,  and  ft,  curving  the  last  line  of  k  backwards. 
For  English  dz  he  uses  J3,  which  is  unnecessary,  as  the  z 
character  should  appear  fully,  if  the  sound  exists.  Lepsius 
(p.  69)  seems  inclined  to  approve  of  this  mode  of  writing  t^, 
&c.  Such  forms  should  be  left  for  the  concurrent  emission  of 
consonants  formed  simultaneously  (Rapp,  I.  84).  Thus  a 
child  learning  to  speak  formed  I  by  applying  the  tongue  to 
the  upper  lip,  and  passing  the  voice  over  the  lower  lip,  produ- 
cing a  sound  having  the  quality  of  I  and  *&. 
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COIVIMUNI  CATIONS. 

A.     MATHEMATICS   AND  PHYSICS. 

L    MATHEMATICS. 

1.  On  the  Laws  op  Hubian  Moetality.  By  C.  F.  M'Cay,  Pres- 
ident of  the  South  Carolina  College,  and  Professor  of  Mathematics 
and  Astronomy. 

Vabious  attempts  have  been  made  to  determine  the  law  of  human 
mortality  at  different  periods  of  life.  In  the  early  part  of  the  eigh- 
teenth century,  it  was  suggested  that  an  equal  number  die  at  every 
age  m  a  stationary  population.  The  Northampton  table  of  Dr.  Price 
mther  favored  this  suggestion,  but  other  tables  of  mortality  published 
bj  him  in  later  editions  of  his  book  destroyed  all  confidence  in  this 
law.  An  arithmetical  progression  for  early  manhood,  and  a  geometri- 
cal for  old  age,  were  then  proposed.  These  not  being  satisfactory,  Mr. 
Gompertz,  in  the  Philosophical  Transactions  of  1825,  brought  forward 
a  transcendental  formula  which  represented  the  mortality  from  twenty 
to  sixty  years  of  age  with  great  accuracy.  In  1832,  Mr.  Edmonds 
extended  this  law  to  the  whole  period  of  human  life,  by  using  two 
formulas,  one  for  manhood  and  the  other  for  old  age.  As  the  divid- 
ing line  between  these  two  periods  varied  from  fifty-five  to  sixty  in 
(liferent  tables,  and  corresponded  to  no  physiological  change  in  our 
organization,  the  two  laws  of  Mr.  Edmonds  did  not  receive  much 
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favor;  and  as  they  involved  six  variable  constants  for  every  table, 
they  were  of  little  practical  utility,  either  for  the  construction  of  ta- 
bles, detecting  anomalies,  or  harmonizing  the  irregularities  which  are 
found  in  all  the  statistics  of  human  mortality. 

I  have  obtained  a  single  law  which  extends  from  early  manhood  to 
the  extreme  limit  of  human  life.  It  was  first  discovered  by  an  analy- 
sis of  the  Northampton  and  Carlisle  tables  ;  but  it  has  been  compared 
with  a  large  number  of  others ;  and  so  complete  is  its  agreement  with 
all,  that  at  no  age  does  the  calculated  number  of  the  living  differ  from 
the  number  given  in  the  tables  by  a  single  year's  mortality.  The 
comparison  has  been  made  with  all  the  tables  to  which  I  have  had  ac- 
cess. These  comprise  Halley's,  the  Switzerland,  Vienna,  Berlin,  Bran- 
denburg, Norwich,  London,  Northampton,  Warrington,  Chester,  Stock- 
holm, Shrewsbury,  Eersebooms,  Desparcieux,  the  three  Swedish,  the 
three  Equitable,  the  Amicable,  Montpelier,  Duvillard's  for  France,  Des- 
parcieux's  for  monks  and  nuns,  Farr's  English,  Farr's  Northampton, 
Finlaison's,  the  Combined  Experience  of  the  London  Insurance  Com- 
panies, Nieson's  Friendly  Societies  of  Great  Britain,  Brussels,  Ham- 
burg, Amsterdam,  Baltimore,  Charleston,  and  others  ;  and,  except  in 
the  last  six  or  eight  years  of  life,  in  which  no  confidence  is  placed  in 
any  of  the  tables,  the  disagreement  does  not  exceed  the  limits  above 
mentioned.  The  number  of  the  living,  as  calculated  for  the  age  of 
seventy-five,  for  example,  is  always  greater  than  the  actual  number 
for  seventy-six,  and  less  than  for  seventy-four.  When  it  is  remem- 
bered that  these  tables  have  been  constructed  for  different  times  and 
different  countries,  by  various  methods  of  interpolation,  many  of  them 
on  incomplete  and  unsatisfactory  data,  and  some  on  wrong  principles, 
such  an  agreement  will  be  considered  a  decisive  proof  of  the  law 
which  is  proposed. 

Tlie  extensive  interests  dependent  on  the  law  and  the  rate  of  mor- 
tality in  the  United  States,  Great  Britain,  and  other  countries,  invest 
this  matter  with  a  high  degree  of  practical  importance,  independent  of 
the  scientific  interest  attached  to  the  application  of  a  mathematical 
law  to  so  uncertain  a  subject  as  the  duration  of  human  life. 

If  the  Northampton  table  be  examined,  it  will  be  found  that  the 
deaths  are  either  stationary,  or  increase  from  the  age  of  ten  to  sixty- 
one,  and  then  diminish  to  the  end  of  life.  This  increase  and  decrease 
are  irregular,  and  follow  no  definite  law.     If  the  ratios  of  the  dying 
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and  the  liviDg  at  each  age  be  examined,  a  continual  increase  will  be 
observed.  Excluding  a  few  exceptional  cases,  this  advance  is  found 
inYariable  in  all  the  tables.  It  becomes  more  rapid  at  the  older  ages, 
but  that  its  progress  is  not  a  geometrical  progression  will  be  evident 
by  taking  the  logarithms  of  these  ratios  and  observing  their  difierences. 
If,  however,  these  differences  be  examined,  a  geometrical  progression 
will  be  discovered  in  them.  This  result  shows  that  the  rate  of  mor- 
tality or  the  ratio  of  the  dying  and  the  living  is  represented  by  the 
foraiula  db^^  in  which  x  is  the  age,  and  a,  ^,  and  c  are  constants  that 
differ  for  the  several  tables.  For  if  the  logarithm  of  this  function  be 
taken,  it  will  be  evident  that  a  will  disappear  when  the  differences  are 
found,  and  that  a  geometrical  progression  will  be  developed  in  which 
c  is  the  constant  multiplier. 

Here  are  the  numbers  from  the  Northampton  table  for  seven  ages, 
at  intervals  of  ten  years :  — 


At  the  age  of                   25 

35 

45 

55 

65 

75 

85 

The  liTing  were           4760 

4010 

3248 

2448 

1632 

832 

186 

And  the  dying                 75 

75 

78 

82 

80 

80 

41 

The  ntios  are             .0158 

.0187 

.0240 

.0336 

.0492 

.0943 

.219 

Their  logarithms     —2.199 

-2.272 

—2.380 

—2.526 

—2.692 

—2.974 

—1.340 

The  differences  are 

.073 

.108 

.146 

.166 

.282 

.366 

The  ratios  are 

1.48 

1.35 

1.14 

1.70 

1.30 

Differences  for  twenty  years 

.181 

i254 

.312 

.448 

„648 

The  ratios  are 

1.40 

1.23 

\M 

1.45 

Differences  for  thirty  years 

.327 

.420 

.594 

.814 

The  ratios  are 

1.29 

1.41 

1.37 

Differences  for  forty  years 

.493 

.702 

.960 

The  ratios  are 

1.42 

1.37 

ATerageradofl 

1^9 

1.38 

1.36 

1.39 

None  of  these  ratios  differ  much  from  each  other,  and  the  averages 
are  very  nearly  the  same.  A  slight  increase  of  the  deaths  at  sixty- 
five,  and  decrease  at  seventy-five,  would  make  all  agree  very  closely. 
As  the  mortality  of  any  single  year  of  life  is  not  to  be  depended  on, 
this  agreement  is  sufiicient  to  suggest  the  law  which  I  have  proposed. 
A  more  careful  and  extended  comparison  will  be  necessary  to  estab- 
lish it. 

Before  doing  this,  however,  let  me  refer  to  the  principle  which  un- 
derlies  it.  Mr.  Edmonds  deduced  his  law  from  the  supposition  that 
our  vital  energy,  or  our  power  to  resist  the  attacks  of  disease,  decreases 
continually  with  advancing  years,  in  such  a  manner  that  the  portions 
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of  our  remaining  mortality  which  we  lose  at  each  instant  of  time  in* 
crease  in  geometrical  progression.  This  hypothesis  is  exceedingly 
probable,  but  Mr.  Edmonds  erred  in  making  these  increments  corre- 
spond to  the  deaths  in  a  stationary  population.  By  naaking  them  rep- 
resent the  increase  in  the  rate  of  mortality,  that  is,  in  the  ratio  of  the 
dying  and  the  living,  the  law  which  I  have  proposed  may  be  deduced. 

If  L  represent  the  living  and  D  the  dying  at  any  age  x,  a,  i,  and  c 
being  constants,  then,  according  to  Mr.  Edmonds,  the  momentary  de 
crement  of  L  varies  with  La*  or  — (2L  =  L  ab'  dx.  But  if  the 
increment  is  made  to  refer  to  the  rate  of  mortality  or  the  ratio  of  D 
to  L,  then  if  this  be  called  r  we  have,  dr  =  r  fi  (f  dx. 

Dividing  this  by  r  and  integrating,  we  have 

log  r  =  c*  log  h  -f-  log  a, 

r 
or  log  -  =  c*  log  h, 

r        ff  (f 

or  -  =  5    or  r  =  aft. 

a 

The  partial  laws  of  Mr.  Gompertz  and  Mr.  Edmonds  differ  from 
mine  fundamentally.  In  theirs,  the  number  of  the  living  follows  a  ce^ 
tain  law  ;  in  mine,  the  law  relates  to  the  ratio  of  the  dying  and  the  liv- 
ing. Theirs  was  limited  to  manhood  or  to  old  age,  mine  includes  both 
these  periods.  Mine  involves  only  three  constants,  and  by  obtaining 
the  average  of  these  for  all  ages,  the  anomalies  and  errors  of  the  ta- 
bles may  be  checked  and  corrected. 

To  compare  the  proposed  function  with  the  tables,  and  to  test  it  for 
all  periods  from  manhood  to  old  age,  the  Northampton  table  is  given 
below,  and  along  with  it  one  calculated  from  the  formula  r  =  fl^  • 
In  this  c  =  1.031,  logarithm  of  a  =  —2.986,  and  logarithm  of  loga- 
rithm of  ft  =  —  2.995.  The  agreement  between  the  two  tables  is 
seen  at  a  glance  to  be  very  close. 

If  the  number  of  the  living  at  the  several  ages  be  examined,  it  will 
be  seen  that  the  greatest  difference  occurs  at  the  age  of  fifty-eight,  and 
only  amounts  to  thirteen,  which  is  less  than  one  sixth  of  a  year's  mor- 
tality at  that  age.  That  is,  the  number  calculated  to  be  alive  at  the 
age  of  "fifty-eight  is  the  number  found  to  be  living  at  the  age  of  fifty* 
seven  years  and  ten  months.  At  eighty-five  and  eighty-six  the  diffe^ 
ence  is  twelve,  which  is  about  a  third  of  one  year's  mortality.  All 
expire  in  both  tables  at  the  age  of  ninety-six ;  and  even  when  the 
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Domber  of  the  living  is  reduced  to  fiAeen  or  twenty  out  of  the  ten 
thousand  who  are  supposed  to  begin  the  table,  the  calculated  number 
never  disagrees  with  the  tabular  by  a  single  yearns  mortality. 

If  the  deaths  in  the  two  tables  be  examined,  it  will  be  found  that  for 
thirty  ages  the  number  is  exactly  the  same  in  both.  For  nineteen  they 
di&r  only  one,  and  for  only  a  single  age,  that  of  eighty-three,  does  the 
difference  amount  to  five. 

For  the  first  ten  years  the  whole  number  of  the  dying  is  750,  instead 
of  747.  For  the  next  ten  it  is  753,  instead  of  750.  For  each  follow- 
ing decade  the  calculated  numbers  are 

773    805    827    753    424    and    47, 
while  Dr.  Price's  are 

778    819    806    763    423    and    46 ; 
the  difiercnce  never  amounting  to  three  per  cent,  and  in  five  out  of  the 
eight  ten-year  periods  being  less  than  one  per  cent.    The  sum  of  all 
the  positive  and  negative  errors  in  the  eight  decades  is  only  58. 

The  most  trying  test  is  the  annual  ratio  of  mortality.  From  twenty- 
one  to  sixty  these  do  not  diflfer  in  the  two  tables  by  one  fortieth  of  their 
amount ;  and  up  to  the  age  of  eighty  they  do  not  differ  one  twentieth  ; 
and  at  no  time,  to  the  very  end  of  life,  does  the  difierence  reach  one 
fifth.  These  larger  errors  at  the  higher  ages  arise  from  Dr.  Price's 
imperfect  method  of  interpolation,  since  the  whole  number  of  the 
dying  in  the  last  two  decades  of  life  are  almost  exactly  the  same  in 
both  tables,  being  424  and  47,  instead  of  423  and  46. 

The  agreement  in  all  these  four  particulars  is  very  satisfactory. 
With  few  of  the  other  tables  is  it  so  close  as  in  the  Northampton. 
But  in  all,  the  difiTerences  are  extremely  small.  At  no  period  of  life 
are  the  errors  in  different  tables  in  one  direction  all  positive  or  all 
negative.  To  bring  out  this  comparison,  the  Equitable  table  of  Mr. 
Morgan  is  subjoined.  This  is  founded  on  the  experience  of  the  Equi- 
table Insurance  Company  of  London,  from  1752  to  1829.  In  the  cal- 
culated table,  c  =  1.027,  logarithm  of  a  =  — 3.452,  and  logarithm  of 
log.  h  =  —1.311. 

Up  to  the  age  of  eighty- five,  the  greatest  difference  between  the  cal- 
culated and  the  actual  tables  does  not  exceed  six  tenths  of  one  year's 
mortality.  The  errors  are,  however,  generally  different  from  those  of 
the  Northampton. 

Thus  the  greatest  excess  in  the  living  at  Northampton  is  at  the  age 
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of  fifty-eight,  while  the  greatest  deficiency  in  the  Equitable  is  at  fifty- 
seven.  The  greatest  deficiency  in  the  Northampton  is  at  seventy-two, 
and  the  greatest  excess  in  the  Equitable  is  at  seventy-three. 

Between  thirty  and  forty,  the  deaths  in  both  the  Northampton  and  the 
Equitable  are  slightly  too  large ;  but  in  the  seven  other  decades  the  pos- 
itive errors  of  one  table  correspond  to  the  negative  errors  in  the  other. 

The  smallness  of  all  these  errors,  and  their  opposite  directions  in  the 
several  tables,  furnish  satisfactory  proof  that  the  formula  we  have  giv- 
en represents  a  true  law  of  nature. 

Among  the  inferences  that  may  be  drawn  from  the  law  are  the  fol- 
lowing :  — 

1.  The  rate  of  mortality  invariably  increases  from  youth  to  old  age. 

2.  This  rate  is  continually  accelerated,  even  in  a  higher  ratio  than 
in  a  geometrical  progression. 

3.  In  early  manhood  the  rate  does  not  differ  much  from  a  slow  arith- 
metical progression. 

4.  There  are  no  crises  or  climacterics  at  which  the  chances  for  life 
are  stationary  or  improving. 

5.  There  are  no  periods  of  slow  and  rapid  increase  succeeding  each 
other ;  but  one  steady,  invariable  progress. 

6.  The  law,  though  not  the  rate  of  mortality,  is  the  same  for  city 
and  country,  for  healthy  and  unhealthy  places,  for  every  age  and 
country  and  locality  ;  and  this  law  is,  that  the  dififerences  of  the  loga- 
rithms of  the  rates  of  mortality  are  in  geometrical  progression. 

Comparison  of  the  Formula  with  the  Northampton  Table  of  Mortality. 


Age. 

LiTlngof 

Dying. 

Oaloolated 

Ratio  of  I^TUig 

Number 

Srronof 

Errors  of 

Dr.  Prioe. 

liTing. 

andliTing. 

of^yUig. 

the  LiTing. 

the  Dying. 

20 

5132 

72 

5132 

.0147 

75 

0 

3+ 

21 

5060 

75 

5057 

.0149 

75 

3— 

0 

22 

4985 

75 

4982 

.0151 

75 

3— 

0 

23 

4910 

75 

4907 

.0153 

75 

3— 

0 

24 

4835 

75 

4832 

.0156 

75 

3— 

0 

25 

4760 

75 

4757 

.0158 

75 

3— 

0 

26 

4685 

75 

4682 

.0160 

75 

3— 

0 

27 

4610 

75 

4607 

.0163 

75 

3— 

0 

28 

4535 

75 

4532 

.0165 

75 

3— 

0 

29 

4460 

75 

4457 

.0168 

75 

3— 

0 

30 

4385 

75 

4382 

.0171 

75 

3— 

0 

31 

4310 

75 

4307 

.0174 

75 

3— 

0 

32 

4235 

75 

4232 

.0177 

75 

3— 

0 

33 

4160 

75 

4157 

.0181 

75 

3— 

0 

34 

4085 

75 

4082 

.0184 

75 

3— 

0 

35 

4010 

75 

4007 

.0188 

75 

3— 

0 

36 

3935 

75 

3932 

.0192 

75 

3— 

0 

37 

3860 

75 

3857 

.0196 

76 

4— 

1+ 
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Age. 

LiTlDfOf 

Djiiif. 

CakalAted 

Batloof  Djlng 

Nombw 

Srron  of 

Srron  of 

Dr  Pitoe. 

UTlOf. 

UKlUTing. 

otJ>ylng 

UleUTiof 

the  D>liiff. 

38 

3785 

75 

3781 

.0201 

76 

5— 

IH- 

39 

3710 

75 

3705 

.0205 

76 

6— 

1  + 

40 

3635 

76 

3629 

.0209 

76 

6— 

0 

41 

3559 

77 

3553 

.0214 

76 

6— 

1— 

42 

3482 

78 

3477 

.0220 

77 

5— 

1  — 

43 

3404 

78 

3400 

.0226 

77 

4 

1— 

44 

3326 

78 

3323 

.0232 

77 

3— 

1— 

45 

3248 

78 

3246 

.0238 

77 

2— 

1— 

46 

3170 

78 

3169 

.0245 

78 

1— 

0 

47 

3092 

78 

3091 

.0252 

78 

1— 

0 

48 

3014 

78 

3013 

.0260 

78 

1— 

0 

49 

2936 

79 

2935 

.0268 

79 

1— 

0 

50 

2857 

81 

2856 

.0276 

79 

1— 

2— 

51 

2776 

82 

2777 

.0285 

79 

1  + 

3— 

52 

2694 

82 

2698 

.0295 

80 

4  + 

2— 

53 

2612 

82 

2618 

.0305 

80 

6+ 

2— 

54 

2530 

82 

2538 

.a316 

80 

8+ 

2— 

55 

2448 

82 

2458 

.0328 

81 

10+ 

1— 

56 

2366 

82 

2377 

.0340 

81 

11  + 

1— 

57 

2284 

82 

2296 

.0353 

81 

12+ 

1— 

58 

2202 

82 

2215 

.0368 

82 

13+ 

0 

59 

2120 

82 

2133 

.0384 

82 

13+ 

0 

60 

2038 

82 

2051 

.0401 

82 

13+ 

0 

61 

1956 

82 

1969 

.0419 

83 

13+ 

IH- 

62 

1874 

81 

1886 

.0439 

83 

12+ 

2+ 

63 

1793 

81 

1803 

.0460 

83 

10+ 

2+ 

64 

1712 

80 

1720 

.0483 

83 

8+ 

3+ 

65 

1632 

80 

1637 

.0505 

83 

5+ 

3+ 

66 

1552 

80 

1554 

.0533 

83 

2+ 

3+ 

67 

1472 

80 

1471 

.0562 

83 

1— 

3+ 

68 

1392 

80 

1388 

.0594 

82 

4— 

2+ 

69 

1312 

80 

1306 

.0629 

82 

6— 

2+ 

70 

1232 

80 

1224 

.0667 

81 

8— 

1  + 

71 

1152 

80 

1143 

.0708 

81 

9— 

1  + 

72 

1072 

80 

1062 

.0753 

80 

10— 

0 

73 

992 

80 

982 

.0804 

79 

10- 

1— 

74 

912 

80 

903 

.0857 

77 

9— 

3— 

75 

832 

80 

826 

.0916 

76 

6— 

4— 

76 

752 

77 

750 

.0982 

74 

2— 

3— 

77 

675 

73 

676 

.105 

71 

1+ 

2— 

78 

602 

68 

605 

.113 

68 

3+ 

0 

79 

634 

65 

537 

.123 

66 

8+ 

1  + 

80 

469 

63 

471 

.133 

63 

2+ 

0 

81 

406 

60 

408 

.144 

59 

2+ 

1— 

82 

346 

57 

349 

.157 

55 

3+ 

2— 

83 

289 

55 

294 

.171 

50 

5+ 

5— 

84 

234 

48 

244 

.187 

46 

10+ 

2— 

85 

186 

41 

198 

.205 

41 

12+ 

0 

86 

145 

34 

157 

.225 

35 

12+ 

1  + 

87 

111 

28 

122 

MS 

30 

11  + 

2+ 

88 

83 

21 

92 

.274 

25 

9+ 

4+ 

89 

62 

16 

67 

.304 

20 

5+ 

4+ 

90 

46 

12 

47 

.338 

16 

1  + 

4+ 

91 

34 

10 

31 

.378 

12 

3— 

2+ 

92 

24 

8 

19 

-423 

8 

5— 

0 

93 

16 

7 

11 

-475 

5 

5— 

2— 

94 

9 

5 

6 

.536 

3 

3— 

2— 

95 

4 

3 

3 

.607 

2 

1— 

1— 

96 

1 

1 

1 

.691 

1 

0 

0 

28 
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Comparison  with  Morgan's  Equitable  Table  of  Mortality, 


Age. 

Living  in 
Table. 

4641 

Dying. 
34 

Calculated 
Number  of 
tbe  Uring. 

Ratio  by 
Fonnula. 

.0063 

I>yinga0 
Calculated 

29 

the  LiTing 

Erronin 
tbe  Deaths. 

4— 

20 

4641 

0 

21 

4607 

33 

4612 

.0064 

SO 

5+ 

3- 

22 

4574 

33 

4582 

.0066 

30 

8+ 

3- 

23 

4541 

33 

4552 

.0067 

81 

11  + 

2- 

24 

4508 

83 

4521 

.0069 

81 

13+ 

2— 

25 

4475 

34 

4490 

.0071 

82 

15+ 

2— 

26 

4441 

84 

4458 

.0073 

83 

17+ 

1— 

27 

4407 

34 

4425 

.0074 

33 

18+ 

1— 

28 

4373 

34 

4392 

.0076 

33 

19+ 

1— 

29 

4339 

84 

4359 

.0078 

34 

20+ 

0 

30 

4305 

35 

4325 

.0081 

35 

20+ 

0 

81 

4270 

85 

4290 

.0083 

36 

20H- 

1  + 

82 

4235 

36 

4254 

.0086 

37 

19+ 

1  + 

83 

4199 

87 

4217 

.0088 

87 

18+ 

0 

34 

4162 

88 

4180 

.0091 

38 

18+ 

0 

35 

4124 

38 

4142 

.0094 

39 

18+ 

1  + 

36 

4086 

39 

4103 

.0097 

40 

17+ 

1  + 

87 

4047 

40 

4063 

.0100 

41 

16+ 

1  + 

38 

4007 

42 

4022 

.0103 

41 

15+ 

1— 

39 

3965 

43 

3981 

.0107 

43 

16+ 

0 

40 

8922 

43 

3938 

.0111 

44 

16H- 

1  + 

41 

3879 

44 

3894 

.0115 

45 

15+ 

1  + 

42 

3835 

44 

8849 

.0119 

46 

14+ 

2+ 

43 

8791 

44 

3803 

.0124 

47 

12+ 

3+ 

44 

3747 

45 

8756 

.0129 

48 

9+ 

3+ 

45 

3702 

47 

3708 

.0134 

50 

6+ 

3+ 

46 

3655 

47 

8658 

.0140 

51 

8+ 

4+ 

47 

3608 

48 

3607 

.0147 

53 

1— 

5+ 

48 

3560 

49 

3554 

.0153 

54 

6— 

5+ 

49 

3511 

50 

3500 

.0160 

56 

11— 

6+ 

50 

3461 

52 

3444 

.0168 

58 

17— 

6+ 

51 

3409 

55 

3386 

.0177 

60 

23— 

5+ 

52 

8354 

58 

3326 

.0185 

62 

28— 

4+ 

53 

8296 

62 

3264 

.0195 

64 

32— 

2+ 

54 

3234 

64 

8200 

.0206 

66 

34— 

2+ 

55 

3170 

66 

3134 

.0217 

68 

36— 

2+ 

56 

3104 

70 

3066 

.0229 

70 

38— 

0 

57 

3034 

75 

2996 

.0242 

72 

38— 

3— 

58 

2959 

79 

2924 

.0256 

75 

35— 

4— 

59 

2880 

84 

2849 

.0272 

78 

31— 

6— 

60 

2796 

88 

2771 

.0290 

80 

25— 

8— 

61 

2708 

90 

2691 

.0308 

83 

17— 

7— 

62 

2618 

91 

2608 

.0329 

86 

10— 

5— 

63 

2527 

93 

2522 

J0S52 

89 

5— 

4 — 

64 

2434 

95 

2433 

.0376 

92 

1— 

3— 

65 

2339 

100 

2341 

.0403 

94 

2+ 

6— 

66 

2239 

105 

2247 

.0433 

97 

8+ 

8— 

67 

2134 

108 

2150 

.0466 

100 

16+ 

8— 

68 

2026 

111 

2050 

.0502 

103 

24+ 

»— 

69 

1915 

115 

1947 

.0543 

106 

32H- 

9— 

70 

1800 

115 

1841 

.0588 

108 

41  + 

7— 

71 

1685 

115 

1733 

.0640 

111 

48+ 

4— 

72 

1570 

115 

1622 

.0697 

113 

52H- 

2— 

78 

1455 

115 

1509 

.0759 

115 

54+ 

0 

74 

1340 

115 

1394 

.0829 

116 

54+ 

1  + 

75 

1225 

114 

1278 

.0906 

116 

53+ 

2+ 

76 

nil 

109 

1162 

.0995 

118 

51  + 

7+ 
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1««. 

LiTliif  In 

Dying. 

Calculated 
Number  of 
theUring. 

Batloby 
VonnulA. 

cSSTi 

EiTonin 
theUTing. 

Brron  in 
the  Death*. 

77 

1002 

105 

1046 

.110 

115 

44+ 

10+ 

78 

897 

101 

931 

.121 

113 

84+ 

12+ 

79 

796 

96 

818 

.134 

110 

22+ 

14+ 

80 

700 

93 

708 

.149 

105 

8H- 

12+ 

81 

607 

90 

603 

.165 

99 

4— 

9+ 

88 

617 

85 

504 

.184 

93 

13— 

8+ 

83 

432 

83 

411 

.206 

86 

21— 

8+ 

84 

349 

73 

325 

.230 

75 

24— 

2+ 

85 

276 

61 

250 

.258 

64 

26— 

3+ 

86 

215 

50 

186 

.292 

54 

29— 

4+ 

87 

165 

42 

132 

.331 

44 

33— 

8+ 

88 

123 

34 

88 

.378 

33 

85— 

1— 

89 

89 

22 

55 

^33 

24 

34— 

2+ 

90 

67 

18 

31 

^98 

15 

36— 

3— 

91 

49 

14 

16 

Ji75 

9 

33— 

5— 

92 

35 

11 

7 

.670 

5 

28— 

6— 

93 

24 

8 

2 

.787 

2 

22— 

6— 

94 

16 

7 

1 

.933 

1 

16— 

7— 

95 

9 

5 

9— 

5— 

96 

4 

3 

4— 

3— 

97 

1 

1 

I— 

1— 

2.  Investigation  and  Calculation  of  the  Results  of  a  Peocess 
OF  Causation.    By  John  Patebson. 

'*  Felix  qui  potnit  remm  cognoecere  caasas."- Yiboil. 

(1.)  Causes  are  known  to  us  only  by  their  efiects,  and  are  intro- 
duced into  mathematical  reasoning  by  means  of  the  measures  of  such 
effects  in  space  and  time.  It  is  conducive  to  simplicity  of  calculation 
to  take  the  effect  produced  in  a  given  unit  of  time  for  unit  of  effect. 
The  effect  is  the  measure  of  its  cause  ;  and  this  cause,  in  its  turn,  may 
be  the  effect  of  a  still  higher  cause,  and  so  on  for  several  steps  in  as- 
cending order. 

(2.)  The  phenomenon  of  a  falling  body  affords  an  example  of  sub- 
ordinated causation.  The  force  of  gravitation  is  a  constant  activity, 
generating  velocity  uniformly  when  acting  upon  a  free  material  body ; 
and  this  velocity  moves  the  body  with  an  accelerating  rate  of  motion 
while  it  is  itself  bemg  generated,  and  with  a  constant  motion  aflcr  its 
genesis  has  ceased.  The  force  of  gravity  is  here  a  primitive  power, 
or  first  cause,  having  velocity  for  its  immediate ;  while  the  velocity,  in 
its  turn,  is  the  cause  of  the  motion  of  the  body,  of  its  description  of 
3* 
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a  certain  distance  in  space.  The  three  terms  of  this  ordinated  series, 
in  the  descending  order,  may  be  denominated  forces,  or  powers,  or 
cause  respectively  of  the  second^  first,  and  zeroth  order,  and  denoted 
by  the  characters  ^",  ^',  and  <t>^.  To  obtain  suitable  measures  of  the 
terms,  the  notion  of  time  must  be  introduced  by  its  unit  ]|,  and  com- 
bined with  that  of  the  unit  of  linear  space  1^.  The  moved  body  may 
be  selected  as  unit  of  mass  1^ ;  and  the  distance  it  describes  in  an  ar- 
bitrarily chosen  first  unit  of  time  1',  may  be  the  unit  of  distance,  or 
linear  unit  1^ . 

During  the  first  unit  of  time  1', ,  the  velocity  generated  by  gravity 
increases  uniformly  from  zero  to  a  certain  ultimate  value  ;  and  thence- 
forward, if  isolated  from  the  force  of  gravity,  remains  constant  at  that 
value ;  which  is  the  same  as  saying  that  the  unit  of  mass  1^  moved 
from  rest  with  a  uniformly  accelerated  rate  of  motion  during  the  first 
unit  of  lime  1',,  through  the  unit  of  distance  1^,  and  will  tliencefor- 
ward  move  uniformly  with  its  last  acquired  rate  of  motion  if  the  grav- 
ity were  destroyed.  With  this  last  rate  of  motion,  the  mobile  1^  wUl 
evidently  describe  a  greater  distance  in  the  unit  of  time  than  it  described 
while  under  acceleration  in  the  time  1'^ ;  and  because  the  acceleration 
of  the  velocity  varied  regularly,  and  the  units  of  space  and  time  are 
of  arbitrary  magnitude,  it  follows  that,  when  comparison  is  made  of 
the  effects  produced  by  the  velocity  in  two  equal  periods  of  time,  the 
former  with  regularly  varying  acceleration,  the  latter  with  the  ultimate 
constant  value  acquired  in  the  first  period,  the  distance  described  by 
the  mobile  1^  in  the  latter  period  will  always  be  some  definite  number 
m  of  times  the  distance  it  described  in  the  former.  This  is  the  same 
thing  as  saying  that  the  ratio  of  the  distance  generated  by  the  ultimate 
velocity  generated  in  a  given  time,  to  the  distance  generated  by  the 
velocity  during  its  own  genesis,  is  that  of  m :  1. 

From  this  it  appears  that  the  velocity  generated  in  a  given  time  has 
two  different  but  fixedly  related  measures  :  first,  the  distance  generated 
by  the  velocity  during  its  own  genesis,  which  may  be  termed  its  simtd' 
taneous  measure ;  and,  secondly,  the  distance  that  will  be  generated 
by  the  ultimate  velocity  remaining  constant  during  an  equal  time  after 
that  of  its  genesis,  and  which  may  be  termed  its  successive  measure. 
When  the  time  and  distance  generated  during  it  are  each  unity,  the 
former  measure  of  the  velocity  is  unity,  and  the  latter  measure  will  be 
m ;  and  in  this  case,  also,  unity  will  be  the  simultaneous  measure  of 
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the  force  or  power  that  generates  in  the  unit  of  time  the  velocity  whose 
simultaneous  and  successive  measures  are  1  and  m,  while  m  is  the  suc- 
cessive measure  of  the  same  force. 

To  calculate  the  value  of  m,  let  K  he  the  unit  of  velocity,  or  that 
constant  velocity  which  will  carry  the  unit  mass  1^  the  unit  of  dis- 
tance 1/  in  the  unit  of  time  1|.  The  mobile  1^  has  described  the  dis- 
tance 1,  in  the  time  1',  while  the  velocity  m  U  was  generated  ;  and  it 
is  thence  evident  that  the  mth  part  of  the  ultimate  velocity  m  Ix  would 
cany  1^ ,  in  the  unit  of  time,  by  a  uniform  rate  of  motion,  through  the 
same  distance  Ij  that  it  has  been  carried  by  a  rate  of  motion  acceler- 
ated from  zero  to  the  ultimate  value  m ;  and  as  the  velocity  increased 

uniformly  during  the  unit  of  time  T, ,  at  the  expiration  of  the  first 

.   m 
semi-unit  of  time  ^' .  Vt  its  ultimate  value  is  o  ■  ^>- 1  ^^^  which  value, 

m 
remaining  constant,  the  mobile  will  describe  the  distance  ^  .  1/  in  a 

m 
Qoit  of  time,  and  consequently  the  distance  -^  •  1<  in  the  second  semi- 
unit  of  time  i"  .  l\ .    The  ultimate  velocity  o  .  U  generated   in   the 
first  semi-unit  of  time  i',  1', ,  when  referred  to  the  measure  of  the  efiect 
it  will  produce  in  a  time  equal  to  that  occupied  in  its  own  genesis, 

therefore  becomes  "7  .  U ;  and  the  mth  part  of  this  ultimate  velocity, 

taken  constant,  will  describe  with  uniform  motion  the  same  distance  in 
the  time  J' .  1', ,  that  was  really  described  by  the  accelerated  motion 

produced  by  the  uniformly  increasing  velocity  from  0  to  -j  .  Ix  :   that 

common  distance  is  therefore  ^  .  1/.     During  the  second  semi-unit  of 

m 
time  i" .  1',,  another  increment  ^  •  Ix  is  generated  by  the  gravitating 

force,  which  yields  another  increment  J  .  1/  of  distance  during  its  gen- 
esis; and  altogether  there  is  generated  the  distance  (i  +  T  +  J)  1/ 

=  li  in  the  unit  of  time  1'^ ,  and  this  equation  gives  «i  =  2.  There- 
fore 2 .  Ix  =  2  ^'  is  the  successive  unit  measure  of  the  effect  of  the  con- 
stant force  <t>"  of  the  second  order,  when  the  simultaneous  measure  of 
the  same  force  is  1 .  1a.  =  1  ^S  the  last  for  the  reason  that  1 .  1^  =  1  ^' 
produces  the  effect  1/  =  1  ^°  in  the  time  1',. 
(3.)   Remark.    It  is  undeniable  that,  in  equal  times,  the  ultimate 
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velocity  will  generate  m  times  as  much  distance  as  will  the  unifonnly 
increasing  velocity ;  and  as  the  units  of  time  and  of  space  are  both 
arbitrary  at  the  outset,  and  independent  of  each  other,  the  magnitude 
of  one  of  them  may  be  changed  without  altering  that  of  the  other : 
then  if  the  relation  m :  1  of  the  successive  to  the  simultaneous  effects 
be  true  for  any  particular  time  t,  it  must  necessarily  be  true  for  any 
other  time  2  <,  3  ^, . . .  n  <,  because  the  unit  of  time  may  be  changed 
without  altering  that  of  space. 

(4.)  If  an  activity  increase  from  zero  during  a  time  t^  by  any  reg* 
ular  law  of  variation,  and  thenceforward  remain  a  constant  activity 
with  its  ultimate  value,  its  effect  during  an  equal  time  must  necessa- 
rily be  some  number  m  of  times  its  effect  while  in  its  increasing  state. 
From  this  it  follows  that  the  effect  of  the  increasing  activity  will  be 
equal  to  the  mth  part  of  its  effect  in  an  equal  time  with  its  ultimate 
constant  value ;  and  that  the  mth  part  of  the  ultimate  value,  taken  con- 
stant during  the  time  f ,  will  produce  in  that  time  the  same  effect  as 
that  due  to  the  increasing  value. 

(5.)  The  relation  above  investigated  for  a  series  of  three  ordinated 
terms  0'',  ^',  <f>^y  may  be  generalized  for  any  number  n  of  terms ;  but 
to  insure  merely  a  sufficient  and  convenient  number  of  terms  for  a 
demonstration,  it  suffices  to  take  n  =  5.  The  condition  of  unity  of 
effect  in  the  first  unit  of  time  will  then  give  the  simultaneous  series  of 
powers  1  0^,  1  ^'^,  1  ^'",  1  <t>"»  1  ^'i  1  0° ;  while  the  corresponding 
successive  series  will  be  1  ^^,  m  <j>^^  m'  ^"'^  ml'  ^",  m!"  ^',  1  ^°,  where 
the  coefficients  m,  m',  m",  m!"  are  to  be  determined. 

(6.)  Let  ^^  be  a  primitive  cause,  a  constant  activity,  force,  or  power 
of  the  fifth  order :  it  will  produce  a  uniform  effect  in  time,  consisting 
in  the  generation  of  a  certain  amount  of  power  of  the  fourth  order 
^^  in  each  unit  of  time  1, ;  which  power  0^^  will  generate  power  of 
the  third  order  ^'",  which  generates  power  of  the  second  order  ^", 
which  generates  power  of  the  first  order  ^',  which  generates  power  of 
the  order  zero  ^°,  with  which  the  process  terminates.  Regarding  first 
only  the  effects  produced  in  the  first  unit  of  time  l'^,  the  final  effect 
<IP  will  be  some  phenomenon  regularly  developed  in  time  and  space, 
and  which  may  have  for  its  unit  measure  the  unit  of  distance  1^  de- 
scribed by  the  unit  of  mass  1^  in  the  unit  of  time  Vf ,  under  the  action 
of  the  power  of  the  first  order  0'.  This  convention  will  give  the  co- 
efficient to  the  final  effect,  and  also  to  its  immediate  cause,  of  which 
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it  is  the  unit  measure ;  and  further,  as  the  power  of  the  first  order  is 
the  immediate  effect  of  the  power  of  the  second  order,  and  a  like  rela- 
tion continues  up  to  the  primitive  power  of  the  fifth  order,  it  follows 
that  unity  will  be  the  coefficient  of  every  term  of  the  series  of  gener- 
ating powers  enumerated,  so  long  as  effects  during  the  first  unit  of 
time  1',  only  are  considered. 

Thus  the  constant  power  1  <t>^  of  the  fifth  order  generates  a  unit  of 
power  of  the  fourth  order  1  0'^  in  the  first  unit  of  time  1', ,  when  that 
power  of  the  fourth  order  is  measured  by  the  power  of  the  third  order 
^"'  which  it  generates  in  the  unit  of  time  1',  of  its  own  genesis.  But 
this  generated  power  of  the  fourth  order  increases  from  zero  to  some 
ultimate  value  during  the  time  T, ;  with  which  ultimate  value,  remain- 
ing constant,  it  would  generate  some  number  m  of  times  the  amount  of 
power  of  the  third  order  in  the  succeeding  unit  of  time  1",,  that  was 
generated  by  it  during  the  time  of  its  increase  or  growth  in  IV  From 
this  it  follows  that  the  mlh  part  of  the  effect  of  the  power  ^"^  with  its 
ultimate  value,  is  equal  to  its  effect  in  an  equal  time  with  its  increasing 
value ;  and  that  the  mth  part  of  its  ultimate  value,  taken  constant,  will 
produce  the  same  effect  in  the  same  time  as  that  produced  by  the  in- 
creasing value. 

(7.)  Let  the  effects  originated,  produced,  and  terminated  in  the  first 
unit  of  time  1',  be  termed  simultaneous  ;  and  the  effects  whose  causes 
are  produced  in  the  first  unit  of  time,  but  which  are  themselves  origi- 
nated, produced,  and  terminated  in  the  second  unit  of  time  1"^  he 
termed  successive  effects.  The  simultaneous  unit  measure  of  the  im- 
mediate effect  of  1  ^^  is  1  <^"^ ;  but  its  successive  unit  measure  is 
«  ^^,  since  the  ultimate  value  of  <^'^  generates  m  <!)'"  in  the  time  1'', , 
while  it  generated  only  1  ^'"  while  increasing  in  1'^  to  that  ultimate 
value.  As  1  ^^  is  a  uniform  generator,  its  immediate  eff*ect  increases 
uniformly  from  0  to  the  value  m  <^'^  in  the  time  l', ,  and  therefore  has 


m 


the  value  q  ^"  at  the  expiration  of  the  first  semi-unit  of  time  ^' .  1',. 

m  m 

This  power  ^  ^*^,  taken  constant,  would  produce  the  effect  o  4>'"  ^  * 

unit  of  time,  and  therefore  actually  does  produce  half  that  amount 

m 

7  ^'"  in  the  second  semi-unit  of  time  ^"  .  1', ;  and  to  find  the  effect  of 

m  .    . 

2^  during  the  time  J' .  1',  of  its  own  genesis  or  growth,  it  is  only 
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necessary  to  divide  the  last-named  amount  by  m,  and  thus  get  ^  ^"' 

m 
for  such  effect.     Another  equal  increment  of  power  o  0*   is  generated 

by  1  <^^  in  the  second  semi-unit  of  time  i" .  Tf,  which  generates  in  like 

manner  the  effect  ^  <!>"'  in  that  time ;  and  as  the  whole  amount  of 

power  of  the  third  order  generated  in  the  first  unit  of  time  must  be 

m 
unity,  there  appears  the  equation  (i  +  "7  -|-  i)  ^'"  =  1  ^'"»  which 

gives  m  =  2  as  the  ratio  of  the  successive  to  the  simultaneous  meas- 
ure of  the  immediate  effect  of  a  cause  (or  of  the  cause  itself)  that 
increases  uniformly  in  time.  It  is  concluded,  that,  when  a  product 
increases  uniformly  in  time,  it  is  the  immediate  effect  of  a  constant  ac- 
tivity ;  and  if  the  product  be  itself  an  activity,  half  its  ultimate  value 
is  competent  in  effect  to  that  of  its  uniformly  increasing  value  for  equal 
times.  Hence  the  factor  2  and  its  reciprocal  respectively  serve  to  in- 
terchange the  simultaneous  and  successive  measures  of  the  immediate 
causal  effect  of  a  primitive  cause. 

Thus  accordingly  as  all  is  measured  by  the  effects  produced  in  the 
first  unit  of  time  I'l ,  or  as  the  immediate  effect  <l>^  of  1  ^^  in  that  time 
is  measured  by  the  effect  itself  produces  in  the  second  unit  of  time 
V*t ,  there  exists  the  first  or  second  of  the  following  notations  of  re- 
sults :  — 

i' .  1',  +  r  •  i'«  =  i'«-       i'  •  1'*  +  r  •  I'c  =  IV 

i  *i'^  +  i  ^"^  =  1  <^"^;  or   J  0i"^  +  J  ^'^  =  2  0»^ 
The  constant  i  0*^,  and  the  uniformly  increasing  j  ^"^  =  1  ^*' ,  are 
equivalent  in  their  effects  during  the  same  semi-unit  of  time ;  and 
1  0,'^  constant  produces  f  ^'"  in  ^" .  1', ,  twice  the  effect  ^  ^"'  pro- 
duced by  i  <^^"^  constant,  or  by  1  ^"^  variable  in  that  time. 

Having  now  the  simultaneous  and  successive  semi-unit  measures  of 
the  effect  of  1  ^^  for  the  first  unit  of  time  I't  9  as  also  the  simultaneous 
semi-unit  measures  of  the  effect  of  1  0'^  for  the  same  time,  the  next 
step  is  to  seek  the  corresponding  successive  semi-unit  measures  of  the 
latter  power  ^»^. 

The  simultaneous  semi-unit  measures  of  the  immediate  effect  of  the 
generated  power  of  the  fourth  order  1  <j>^  are, 


JM',  +  J".1'.= 

1'.: 

ml             2  m'       1 
4*.'"+    4    *"'| 

*    — 
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These  three  increments  of  generated  power  of  the  third  order  are 
themselves  generating  powers,  and  are  the  constant  equivalents  in  ef- 
fect of  so  many  increments  of  generating  power  of  the  same  order, 
increasing  from  zero,  during  the  same  semi-units  of  time.  Like  as 
\^^  was  the  constant  equivalent  in  effect  to  the  increment  increasing 

firom  zero  to  the  ultimate  value  q  ^'^  in  the  semi-unit  of  time,  and  m 
was  found  to  be  2  ;  so  is  j^  <^"'  the  constant  equivalent  in  effect  to  an 

iocTement  increasing  from  zero  to  some  ultimate  value  -j  <fi'"   in  the 
semi-unit  of  time,  and  m!  is  now  sought.     Form  the  equation 


=  m!  f " ; 


and  observe  that  while  -j  ^Z"  will  be  a  constant  generator  during  the 

2  m' 

second  semi-unit  of  time  ^" .  1', ,  the  increment  -^  ^'",  being  gener- 
ated by  J  ^i'^  constant  during  J" .  1',,  increases  uniformly  during  that 
time ;  and  therefore  its  effect  must  be  divided  by  2,  when  it  becomes 

tn! 
equal  to  that  of  -j  ^'"  for  the  same  time. 

Now  the  generated  power  of  the  third  order  increases  from  zero  to 

the  ultimate  value  x  ^'''  during  the  first  semi-unit  of  time  ^' .  I'l ; 

with  which  value  it  would  generate  the  increment  of  power  of  the  sec- 

m! 
ond  order  -j  ^'  in  a  unit  of  time,  and  therefore  actually  will  gener- 

m' 
ate  the  amount  -g-  ^"  in  the  second  semi-unit  of  time  ^" .  !'< ,  and  con- 
sequently ^  ^'  the  m'th  part  of  this  amount  in  the  time  of  its  own 
genesis  in  the  first  semi-unit  ^' .  1', ;  and  an  equal  amount  will  be  due 

m! 
to  the  generating  increment  -r  ^'"  generated  in  the  second  semi-unit 

2  m' 

i".r,  of  time.    The  increment  -7—^'",  being  the  immediate  effect 

of  the  constant  generator  i  <t>^  during  the  time  i" .  I't  9  increases  uni- 
formly,  and  therefore  its  effect  in  that  time  will  be  J .  t"  ^"  =  ^  ^" 
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m! 
in  a  unit  of  time,  and  consequently  -g-  ^"   in   the  semi-unit  of  time 

l^" .  Vt .    Altogether  there  arises  the  equation 

which  gives  m'  =  3  as  the  ratio  of  the  successive  to  the  simultaneous 
measures  of  the  mediate  effects  of  a  uniformly  increasing  cause,  or  of 
the  himediate  effects  of  a  constant  cause.  Hence,  as  the  measure  of 
the  effect  is  the  measure  of  the  cause,  the  factor  3  and  its  reciprocal 
respectively  serve  to  interchange  the  simultaneous  and  successive 
measures  of  the  mediate  causal  effect  of  a  primitive  cause. 

With  m'  =  3,  the  successive  equations  of  the  generated  power  of 
the  third  order  becomes  (J  +  ^^^  +  i)  4*'"  =  3  <l>'" ;  and  the  simul- 
taneous equation  of  the  generated  power  of  the  second  order  at  the 
same  time  is 

+ 

+ 

Each  of  these  increments  is  the  constant  equivalent  in  effect  for  the 
same  time,  of  so  much  variable  power  of  the  second  order,  increasing 
from  zero  to  some  ultimate  value  denoted  by  m"  times  the  numerical 
coefficient  of  the  increment  considered.  During  the  first  semi-unit  of 
time  i'  .I't^  there  will  be  generated  a  quantity  of  power  of  the  second 

order  increasing  from  zero  to  the  ultimate  value  -^  0" ;  and  simOarly 
for  each  of  the  other  increments  in  the  equation,  which  will  then  be 
written  for  successive  measure, 

m''         .3  m" 

.  *»" 

m"  m"  J 

Now  -Q-  (fii"  would  produce  the  effect  g-  <^'  in  a  unit  of  time,  ana 

therefore  actually  generates  half  that  amount  jg  <^'  in  the  senu-uflii 


2     •  *  I   —   *  «  • 

i<h"> 
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i" .  1'^  of  time,  and  consequently  the  jn"th  part  ^  <P'  of  this  amount 

in  the  time  J' .  !'< ;  which  last  is  also  the  amount  generated  by  -^  ^'' 

3  m'' 
in  J" .  1',.     The  increment  -g-  ^",  being  the  immediate  effect  of  the 

constant  generator  f  Kf}^"  during  the  time  J" .  1',,  must  have  its  effect 

divided  by  2,  which  thus  becomes  i  -  "g  <t>'  for  the  unit  of  time,  and 

m"  3  m" 

therefore  J  •  TH  ^'  for  the  time  i" .  1', ;  and  the  increment  -g—  ^/S 

which  is  the  immediate  effect  of  the  uniformly  increasing  generator 

f  ^'',  or  the  mediate  effect  of  the  constant  generator  i  <f>i^^  during  the 

time  ^" .  1',,  must  have  its  effect  divided  by  3,  which  thus  becomes 

m"  .  m" 

I  •  "g"  ^'  for  the  unit  of  time,  and  therefore  f  •  jg  ^'  for  the  time 

i" .  Vf.     Altogether  there  arises  the  equation 

m"  m"  w" 

(TV  +  i6  +  ^-l6  +  *-l6  +  A)*'=^*'' 

which  gives  m"  =  4  as  the  ratio  of  the  successive  to  the  simultaneous 
measure  of  the  trimediate  effects  of  a  constant  cause.  Hence,  the 
footer  4  and  its  reciprocal  mutually  serve  to  interchange  the  simulta- 
neous and  successive  measures  of  the  bimediate  causal  effects  of  a 
primitive  cause. 

With  m"  =  4,  the  successive  equation  of  the  generated  power  of 
the  second  order  becomes  (f  +  -V^  -f"  V  "t~  i)  ^"  =  4  ^" ;  and  the 
simultaneous  equation  of  the  generated  power  of  the  first  order  at  the 
same  time  is 

i'.l'.  +  J".l'.=  l',: 

Each  increment  is  the  constant  equivalent  in  effect,  for  the  same 
time,  of  so  much  power  of  the  first  order,  increasing  from  zero  to 
some  ultimate  value  denoted  by  m'"  times  its  numerical  coefficient. 
During  the  first  semi-unit  of  time  ^' .  1', ,  the  generated  power  of  the 

first  order  increases  from  zero  to  the  ultimate  value  -jg  <l>' ;  and  simi- 


^=1<^'. 
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larly  for  each  of  the  other  increments,  so  that  the  equation  for  succes- 
sive measures  is 

m'"  4  ml"      ^ 

l6  **'  +  'W  *^' 
6  m'" 

+  T6-*' 

4  m'" 
m'" 


=  m'"  4^'. 


16 


m'"  m!" 

Now  -T^  ^i'  would  produce  the  effect  t^  ^®  in  a  unit  of  time,  and 


m'"     ^ 
therefore  actually  does  generate  half  that  amount  oo   V  ^^  ^®  ^^C" 

ond  semi-unit  of  time  J" .  1', ,  and  consequently  the  m'"th  part  of  it 

^  if?  in  the  first  semi-unit  ^' .  1',  of  time ;  which  last  is  also  the  amount 

m'" 
generated  by  -jg  ^y  in  the  second  semi-unit  J" .  1',  of  time. 

4  m'" 
The  increment    ,g    </>/  is  the  immediate  effect  of  the  constant  gen- 
erator I  ^i"  during  the  time  J" .  1'^ ,  and  must  therefore  have  its  effect 

m'"    ^ 
divided  by  2,  which  thus  becomes  J  •  Tg  ^   for  the  unit  of  time,  and 

m"' 
consequently  f  •  oo  ^  ^^  the  time  i" .  1',. 

The  increment  -.a—  ^'  is  the  mediate  effect  of  the  constant  gener- 
ator i  <f>i"  during  the  time  J" .  I'j ,  and  must  therefore  have  its  effect 

m"' 
divided  by  3,  which  thus  becomes  f  •  t?*  ^'^  ^^  the  unit  of  time,  and 

lo 

ml" 
consequently  f  •  «o  ^'^  ^^  the  time  ^"  .1',. 

4  m'" 
The  increment  — -^—  ^'  is  the  bimediate  effect  of  the  constant  gen- 
lo 

erator  J  fftf  during  the  time  J"  .  1', ,  and  must  have  its  effect  divided 

mf"  w!" 

by  4,  which  thus  becomes  f  •  tf  ^°  ^^  ^^®  ^^^*  ^^  \xm^^  or  J .  -^^r  ^® 

lo  o« 

for  the  time  ^" .  1',.    All  together  fetch  the  equation 
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tm!"  mf"  ml"  m!" 

which  gives  m"'  =  5  as  the  ratio  of  the  successive  to  the  simultaneous 
measure  of  the  quatrimediate  effects  of  a  constant  cause.  Hence, 
the  factor  5  and  its  reciprocal  mutually  serve  to  interchange  the  simul- 
taneous and  successive  measures  of  the  trimediate  causal  effects  of  a 
primitive  cause. 

With  n!"  =  5,  the  successive  equation  of  the  generated  power  of 
the  first  order  becomes  (A  +  f ft  +  f S  +  ?t  +  tk)  <^'  =  5  <^' ;  and 
4e  simultaneous  equation  of  the  generated  power  of  the  order  zero  at 

the  same  time  is  (^  -f  ^  +  i5  -f  i  J  +  ^^r  +  ^)  **  =  1  </>'• 

(8.)  In  an  investigation  so  opposed  to  the  ordinary  methods  of 
mathematical  reasoning,  some  repetitions  may  be  allowed. 

Two  principles  govern  and  suffice  to  explain  the  process  of  mathe- 
matical development :  — 

L  The  measure  of  an  effect  stands  as  the  measure  of  its  cause. 

II.  The  successive  and  simultaneous  measures  of  a  regularly  in- 
creasing cause  or  power  have  to  each  other  a  determinate  ratio. 

Under  the  first  principle,  it  is  allowable  to  select  for  unit  of  effect  that 
which  is  produced  in  the  unit  of  time,  which  will  then  be  the  unit  meas- 
ure of  its  immediate  cause :  this  cause,  in  its  turn,  may  be  the  imme- 
diate effect  of  a  cause  one  degree  higher,  of  which  it  will,  consequent- 
ly, be  also  the  unit  measure  ;  and  so  on,  for  any  number  of  steps  of 
ascent  fixed  upon.  If,  then,  the  primitive  cause  or  power  selected  be 
of  the  fif\h  order,  there  will  be  established  the  series  of  simultaneous 
causes  or  powers  1  <^^  ,  1  </>'^,  1  <^'",  1  ^'\  1  ^',  1  ^  ;  the  measure  of 
each,  throughout  the  series,  being  unity  in  and  for  the  first  unit  of 
time  \\  of  the  operative  process. 

The  second  principle  merely  embodies  the  self-evident  proposition, 
that  if  an  activity  increase  from  zero  according  to  some  regular  law 
during  a  given  time,  and  then  remain  constant  with  its  ultimate  value 
for  an  equal  time,  its  effect  in  the  latter  interval  will  be  some  definite 
number  of  times  its  effect  in  the  former  interval  of  time.  This  prop- 
osition embraces  two  precepts  of  direct  application  to  the  construction 
and  interpretation  of  the  process  of  development. 

1.  If  the  ultimate  value  of  an  activity  enable  it  to  produce  m  times 
its  preceding  effect,  the  times  being  equal,  then  the  mth  part  of  the 
successive  effect  is  equal  to  the  simultaneous  effect  of  the  activity. 
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2.  The  mth  part  of  the  ultimate  value  is  the  constant  value  of  the 
activity  that  will  produce  the  same  effect  it  did  produce  while  increas- 
ing from  zero  to  that  ultimate  value,  the  times  being  equal. 

(9.)  The  power  of  the  fifth  order  1  ^^  is  a  constant  uniform  activ- 
ity, and  hence  generates  power  of  the  fourth  order  uniformly  in  time. 
As  its  simultaneous  measure,  according  to  the  first  principle,  is  to  be 
unity,  its  effect  in  and  for  the  time  1',  is  1  <^»^  ;  and  as  its  action  is  uni- 
form, it  generates  ^  </)i"^  and  j^  ifi/^  in  the  semi-units  of  time  i' .  l\  and 
]J-"  .  l\  respectively.  These  measures  are  constant  values,  and  are  the 
same  as  though  <l>^  were  an  inactivity.  But  the  generated  power  of 
the  fourth  order  is  itself  an  activity,  and  generates  power  of  the  third 
order  both  during  and  after  its  own  genesis  in  the  first  unit  of  time  1', ; 
and  as  it  increases  regularly  from  zero  during  the  time  of  its  genesis, 
it  is  evident  that  with  its  ultimate  constant  magnitude  during  an  equal 
time  it  will  produce  some  definite  number  m  of  times  its  preceding  ef- 
fect. Consequently,  the  amount  of  power  of  the  fourth  order  gener- 
ated by  1  ^^  in  the  time  1',,  for  the  time  l",,  will  be  expressed  by 
m  ^*v,  or  m  will  be  the  ratio  of  the  successive  to  the  simultaneous  meas- 
ure of  the  generated  power  of  the  fourth  order ;  and  therefore,  by  uni- 
formity of  genesis,  the  amounts  for  the  times  i' .  1',  and  i"  .  1',  respec- 
tively are  ^  m  </)/^  and  J  m  ^"^.  The  ultimate  value  or  simultaneous 
measure  J  m  ^i"^  would  generate  ^  m  <f>"'  in  a  unit  of  time,  and  there- 
fore actually  does  generate  \  m  </>'"  in  the  semi-unit  of  time  i"  .  l', ; 
and  consequently,  by  the  first  precept,  it  has  generated  ^  <f>'"  in  the 
time  J' .  I't,  of  its  own  genesis.  The  increment  j-  m  ^»^  generated  by 
1  <l>^  in  the  second  semi-unit  of  time  ^J" .  1',,  would  also  generate  ^nKf)'" 
in  a  unit  of  time,  or  ^  m  <t>^'^  in  a  semi-unit  of  time  after  its  genesis,  and 
therefore  actually  has  generated  ^  ^/"  in  the  time  ^" .  1',  of  its  own 

genesis.    There  is  thus  obtained  the  equation  (i  +  -r  +  i)  4^'"  ===  ^  ^'"» 

the  simultaneous  measure  of  the  generated  power  of  the  third  order 
for  the  time  1', ;  which  gives  in  =  2 :  whence  2  <l>^  is  the  ultimate 
value,  or  the  successive  measure  of  the  power  of  the  fourth  order  gen- 
erated by  1  ^^  in  a  unit  of  time,  or  2  :  1  is  the  ratio  of  the  successive 
and  simultaneous  measures  of  a  power  that  increases  uniformly. 

The  increment  generated  by  1  <f>^  in  the  times  i' .  T,  and  i"  .  1',  are 
therefore  respectively  f  <^i«^  =  1  <^|»v  and  f  <^»v  —  i  <^iv.  Each  of 
these  increments  increases  from  zero  to  1  </)*^  in  the  semi-unit  of  time ; 
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and  by  the  second  precept,  the  half  of  the  ultimate  value,  or  ^  </>*^, 
taken  constant,  will  produce  the  same  efiect  as  the  variable  in  the  same 
time.  Now  j^  (ft^  would  generate  ^  ^'"  in  a  unit  of  time,  or  ^  ^'"  in  a 
semi-unit  of  time.  Therefore  the  constants  i  <l>i^  and  J  ^"^  produce 
the  same  effects  ^  <^'"  and  J  ^'"  as  the  variables  }  ^i'^  and  }  ^"^  in 
the  times  i' .  1',  and  i"  ,  1',  respectively,  and  the  constant  f  ^"^  pro- 
duces f  <l>"'  in  J"  .  1', ;  making  in  all  (i  +  f  +  i)  *'"  =  1  <^'",  which 
is  the  same  as  though  <{)'"  were  an  inactivity.  But  the  generated  power 
of  the  third  order  is  itself  an  activity,  and  generates  power  of  the  sec- 
ond order  increasingly  during  its  own  genesis,  and  uniformly  after- 
wards. 
The  constant  i  ^^^  (equivalent  of  the  variable  increasing  from  zero 

fnf 

to  J^"^)  would  produce  the  effect  —  <f>i"'  in  the  time  J' .  1', :  this  in- 
crement  -^  <pi"  would  produce  the  effect  —  <P"  i^  ^  unit  of  time  after 

its  genesis,  and  therefore  does  produce  the  effect  ~  (fti^  in  the  time 

^'M'i,and  consequently  has  produced  the  effect  i  <t>i^  in  the  time 
i' .  I't  of  its  own  genesis ;  and  the  same  amount  i  ^''  will  result 
from  the  constant  increment  i  ^/^  (equivalent  of  the  variable  f  ^^) 

in  the  lime  i'^ .  T, .    But  the  increment  —  ^Z"  (which  generates  —  ^Z' 

4  8 

in  I'' .  r,,  and  has  generated  i  ^/'  in  i' .  l',)  was  really  generated  by 
the  variable  f  ^i'^  in  i' .  l'^ ;  and  as  this  increment  has  increased  uni- 
formly during  i^ .  T,,  and  remains  constant  during  i".  T,,  it  will  in 

thb  time  generate  twice  its  preceding  effect,  which  is  therefore  2  ---  </>'''. 

This  increment  2  -j  ^'",  remaining  constant  after  its  genesis  in  i" .  T, , 

would  produce  the  effect  2  —  ^''  in  a  unit  of  time,  or  2  ~  ^"  in  a 

semi-unit  of  time ;  but  being  itself  generated  by  the  constant  2  --  ^'"  in 

the  time  i".  I'o  it  increased  uniformly,  and  does  therefore  generate  half 

the  preceding  effect  in  that  time,  that  is,  the  amount  f .  —  ^".     Thus 

8 

is  obtained  the  equation  (i  +  g-  +  J .  ^  +  i)  <^"  =  1  ^",  which  gives 

«'  =  3 ;  whence  3  <f>^"  is  the  ultimate  value  of  the  power  of  the  third 
4* 
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order  generated  by  the  power  of  the  fourth  order  increasing  from  zero 
to  the  value  2  </)'v  in  the  unit  of  time  1',.  The  generated  power  of  the 
third  order  3  tfi'"  will  produce  thrice  the  effect  in  the  time  1", ,  that  it 
produced  during  its  genesis  in  the  time  \\ :  also  its  ultimate  value  for 
the  time  ^' .  1',  is  f  <f>"'^  which  generates  g  <f>"  in  the  time  ^"  .  1', ;  and 
one  third  of  which  value,  \  </>'",  being  constant  during  the  time  J' .  1',, 
would  generate  |  ^",  the  same  actually  generated  by  the  variable 
i  <ti"'  in  that  time. 

To  find  the  measures  of  the  generated  increments  of  power  of  the 
second  order  in  terms  of  their  effect  in  power  of  the  first  order,  ob- 
serve that  the  constant  ^  ^i'"  (equivalent  of  the  variable  increasing 

m" 
from  zero  to  J  <^i'")  would  generate  the  increment  -3-  <t>i"  in  the  time 

o 

^' .  1', ;  which  increment  —  ^i"  would  generate  the  effect  —  ^/  in  a 
o  o 

unit  of  time,  and  therefore  does  generate  —  ^^  in  the  time  ^"  .  1', , 

and  consequently  has  generated  -^  ^^  during  the  time  of  its  own 

genesis  in  ^' .  V^ ;  and  the  same  amount  -^  <fi.J  will  result  from  the 

constant  increment  \  ^'"  (equivalent  of  the  variable  f  ^'")  in  the 

m"  m" 

time  J" .  Vt .     But  the  increment  ~  ^1"  (which  generates   —  ^^  in 

o  lo 

^" .  1', ,  and  has  generated  ^^  <f>i'  in  i' .  1',)  was  really  generated  by 

the  variable  f  <l>i"'  in  i' .  l'( ;  and  as  this  increment  has  increased  in  a 

triplicate  ratio  during  ^J' .  1', ,  and  remains  constant  during  j|^".l'|,  it 

will  in  this  time  generate  thrice  its  preceding  effect,  which  is  there- 

m"  .    .  w" 

fore  3  —  ^".     This  increment  3  -^  <f>'\  remaining  constant  after  its 
8  o 

wi"  in" 

genesis  in  ^" .  I't ,  would  generate  3  —  ^'  in  a  unit  of  time,  or  3  -^  ^' 

o  lb 

in  a  semi-unit  of  time ;  but  being  itself  generated  by  the  constant  f  ^/^ 

in  the  time  ^" .  1'^,  it  increases  uniformly,  and  does  therefore  generate 

m" 
half  the  preceding  effect  in  that  time,  that  is,  the  amount  f  •  t^  ^'• 

The  increment  2 .  f  <l>"\  being  constant  during  ^" .  1', ,  must  have  its 

m" 
effect  during  that  time  divided  by  2,  when  it  will  be  3  — -   ^^'S  the 

o 

same  as  that  of  the  increment  j  ^/" :  the  effect  of  f  m"  <fi^'  during  a 
semi-unit  of  time  after  its  genesis  would  be  -f^  m"  ^'  ^  but  since  it  has 
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increased  during  i" .  I't  in  a  triplicate  ratio,  its  effect  in  that  time  is 

J.  j^  ^i'.     Thus  is  obtained  the  equation 
16 


m'     .    ^  m''       ^  m' 


II 


(tV+ 16 +*I6 +*I6 +-^)  *' =  **'' 

which  gives  m''  =  4  ;  whence  4  tfi"  is  the  ultimate  value  of  the  power 
of  the  second  order  generated  by  the  power  of  the  third  order  while 
increasing  from  zero  to  the  value  3^'"  in  the  first  unit  of  time  1'^. 
The  generated  power  of  the  second  order  4  </>"  will  produce  four  times 
the  effect  in  the  time  V't  that  it  produced  in  the  time  of  its  genesis 
inlV 

The  constant  ^^i''  (equivalent  of  the  variable  increasing  from  zero 
to  the  value  f  <f>^'  in  the  time  J' .  1',)  would  generate  the  increment 


16 


^  in  that  time ;  which  last  increment  would  generate  the  effect 


m" 


rx  ^i'  in  a  unit  of  time,  and  therefore  does  generate  -^^  <^i  in  the 
lo  oZ 

^une  ^" .  I'l,  and  consequently  has  generated  -^  <l>^  in  the  time  ^' .  r^ 

of  its  own  genesis  ;  and  the  same  amount  ^  ^°  will  result  from  the 

constant  increment  ^  ^"  (equivalent  of  the  variable  |  ^/'  in  the  time 

i" .  r,).  But  the  increment  -j^  ^/  was  really  generated  by  the  vari- 
able I  ^/'  in  i' .  l\  ;  and  as  this  increment  has  increased  in  a  quadru- 
plicate ratio,  during  i' .  I'c  and  remains  constant  during  i" .  l'^,  it  will 

m  this  time  generate  4  j^  <t>i\  four  times  its  preceding  effect.    This 

increment  4 -r^  </>/,  remaining  constant  after  its  genesis  in  i'M'i, 

m'"  4  m'" 

would  generate  4  -r^  <l>i  in  a  unit  of  time,  or  -^^r-  ^i°  in  a  semi-unit 

iv  €>a 

of  time  ;  but  being  itself  generated  by  the  constant  f  </>/'  in  the  time 

i"-Vt,it  increases  uniformly,  and  therefore  generates  i^.-^jr^i^in 
that  time. 

The  increment  ^  <t>i'^  is  constant   during  J". I'm  and  generates 
3 . 1  ^/'  in  that  time  ;  this  increment,  increasing  uniformly,  generates 

4  m"' 
} .  ~r^  ^i'  in  the  time  J" .  l', ;  and  this  last  increment,  remaining  con- 

6  w'" 
8tant  after  its  genesis,  would  generate  -r^-  ^"  in  a  unit  of  time,  or 

lo 
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6  m!" 

-5jr-  ^°  in  a  semi-unit  of  time ;  but  being  itself  generated  in  ^" .  1', 

a  uniformly  increasing  power,  its  effect  increases  in  a  triplicate  rd 

m/" 
and  therefore  it  generates  f .  ^^  ^'^  in  that  time. 

The  increment  f  ^i*^  is  constant  during  i".l'i,  and  geneit 

2  .  f  <t>"'  in  that  time :  this  increment,  increasing  uniformly,  genen 

i '  H^  4^"  ^"^  ^^  time  i" .  1', :  this  increment,  increasing  in  a  dupli< 

4  m!" 
ratio,  generates  J .  -r^  ^'  in  the  time  i"  .  1', ;  and  this  last  iiM 

4  ml" 
ment,  remaining  constant  after  genesis,  would  generate      ^     <fi  i 

4  m'" 
unit  of  time,  or  -^r-  f^f  in  a  semi-unit  of  time  ;  but  being  itself  { 

crated  in  i'^ .  V,  by  a  power  that  increases  in  a  triplicate  ratio,  its  ei 

to'" 
increases  in  a  quadruplicate  ratio,  and  therefore  reduces  to  ^ .  ^ 

for  the  time  i'^ .  l'|.    There  is  thus  obtained  the  equation 

which  gives  m'"  =  5 ;  whence  5  ^'  is  the  ultimate  value  of  the  po 
of  the  first  order  generated  by  the  power  of  the  second  order  incfl 
ing  from  zero  to  4  ^",  generated  by  the  power  of  the  third  ordef 
creasing  from  zero  to  3  ^'",  generated  by  the  power  of  the  fourth 
increasing  from  zero  to  2  <^"^,  generated  by  the  constant  primitive  p 
er  of  the  fifth  order  1  ^^  in  the  first  unit  of  time  I'j. 

(10.)  A  reference  to  the  accompanying  table  may  assist  to  rei 
the  steps  of  the  investigation  more  intelligible.  Under  the  first  d 
ion  of  efifects,  the  dotted  lines  refer  to  the  efiTects  that  would  he 
duced  during  the  times  for  which  they  are  drawn,  while  the  black 
indicate  the  effects  that  are  produced.  The  last  division  exhibits 
corresponding  measures  of  the  efiects  in  space,  in  and  for  the 

(11.)  In  the  following  tablet  of  successive  measures,  the  su< 
sively  introduced  numerical  factors  are  all  retained  in  the  subseqi 
coefficients :  — 
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1*^ 

r  . 

i'-l'.                + 

i".i'.             =  1'.- 

+ 
§•#•44*"  + 

2-3.^,r' 

J- 34a*'" 
3.4.ir" 

=  2*<v; 
.  =  3*'"; 

+ 

f.3.4.1r 

.  =  4*"; 

+ 

f-s.4.|r 

f.J.t.5.1^'  + 

4.5.1*' 

+ 
+ 

i 

}.4.5.i*' 
.§.4.5.1*' 

.  =  5*'; 

+ 

i 

•*.t.5.1*' 

M-t-i-i-^*'  + 

5.1.1*' 

+ 

J. 5. 1.1*' 

+ 

J 

.*.5.1.i*' 

■=!*•. 

+  J.J.t.5.1.i*' 

+  J 

•# 

ii-i-^r 
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By  introducing  the  denominators  2,  3,  4,  5  into  the  coefficients  of 
the  terms  of  the  respective  groups  in  descending  order,  the  successive 
are  converted  into  simultaneous  measures. 

Whatever  be  the  order  n  of  a  primitive  constant  generator,  its  im- 
mediate product  increases  uniformly,  or  is  simply  accelerated,  and  its 
simultaneous  is  half  its  successive  measure :  the  mediate  product  is 
^ply  [doubly]  accelerated,  and  its  simultaneous  is  one  third  its  sue- 
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cessive  measure ;  the  bimediate  product  is  triply  accelerated,  and  its 
simultaneous  is  one  fourth  its  successive  measure ;  and  according  to 
the  same  law  down  to  the  product  of  the  order  zero,  which  closes  the 
genesis  by  annihilating  the  successive  measure. 

In  the  tablet,  under  the  two  semi-units  of  time  ^M',  and  J" .  1',,  any 
coefficient  expresses  the  amount  of  its  term,  considered  as  an  effect 
produced  in  that  semi-unit  of  time ;  while  it  also  expresses  the  value  of 
its  term  considered  as  a  cause^  to  be  measured  by  the  effect  it  would 
produce  in  a  unit  of  time.  As  all  the  increments  of  the  same  order 
are  the  same  number  of  genetical  steps  below  the  independent  primi- 
tive generator  1  ^^,  the  same  factor  of  acceleration  will  appear  in  the 
coefficient  of  each  ;  but  as  the  different  increments  in  the  time  ^"  ,  1', 
arise  from  different  dependent  constant  generators,  their  rate  of  accel- 
eration is  modified  accordingly. 

The  triply  accelerated  increment  |  ^i"  produces  the  quadruply  ac- 
celerated effect  4 .  -j*^  <^'  in  the  time  J" .  1', ,  and  one  fourth  of  that 
amount  (successive  measure)  in  the  time  J' .  1',  of  its  own  genesis : 
the  increment  -^^^'S  produced  by  f  ^/"  constant  during  J".  1',,  is 
simply  accelerated  by  means  of  this  last-mentioned  increment,  while 
yet  it  is  also  triply  accelerated  under  the  primitive  generator  1  ^  ,  and 
therefore  produces  i  •  yf  •  ^  ^'  =  U  ^'  *"  ^^^  ^^^  >  ^°^  ^^®  incre- 
ment ^  .  ^^  ^",  produced  by  f  fft'"  (which  is  simply  accelerated,  being 
produced  by  f  </)i'^  constant)  in  the  time  ^"  .  1', ,  is  doubly  accelerated 
under  the  dependent  constant  generator  1  ^Z^,  and  at  the  same  time 
triply  accelerated  under  the  independent  constant  generator  1  ^^ :  the 
last-named  acceleration  has  operated  during  the  time  J' .  !'« through 
the  increment  f  0i'^,  and  the  former  operates  in  the  time  ^"  .  1', 
through  2  .  J  ^'"  and  J  .  -^  </>",  and  combination  gives  the  amount 
i  .  i .  2  .  3  . 4  .  5  .  tV  </>'  =  ?*  <^'  in  the  time  i"  .  1',. 

(12.)  The  determination  of  the  values  of  wi,  m'y  m'\  w!"  establish- 
es the  successive  series  of  generating  powers  1  ^^,  2  ^*^,  3  ^"',  4  ^", 
5  <^',  1  ^°,  for  the  unit  of  time  1'^ ;  and  now  it  is  easy  to  deduce  their 
measures  for  the  time  x  1^ .  Recollecting  that  each  preceding  term 
generates  the  succeeding  one  during  the  time  of  its  own  genesis,  and 
will  generate  twice,  thrice,  etc.  that  amount  during  the  equal  time  af- 
terwards, we  say  that 

The  constant  primitive  1  ^^  of  the  fifth  order  generates  uniformly 
2  ^*v  in  the  unit  of  time  l,,  and  therefore  2  a:  ^*^  in  the  time  «  Ij. 


MATHEMATICS.  47 

The  immediately  generated  power  of  the  fourth  order  2  x  ^*^,  be- 
come constant  at  the  expiration  of  the  time  x  1, ,  generates  2  .  3  o:^  <f>'" 
in  the  subsequent  time  x  1^ ,  and  therefore  3  a?  (j)'"  in  the  time  x  1|  of 
its  own  genesis. 

The  mediately  generated  power  of  the  third  order  3  «'  <ti"\  constant 
at  the  expiration  of  the  time  x  1,,  generates  3.4i^  ^'^  in  the  subse- 
quent time  X  1|,  and  therefore  4  a^fft"  in  the  time  x  1,  of  its  own 
genesis. 

The  bimediately  generated  power  of  the  second  order  4  a^  ^",  be- 
come constant  at  the  expiration  of  the  time  x  1| ,  generates  4  .  5  o^  ^ 
in  the  subsequent  time  x  1, ,  and  therefore  5  x*  ^'  in  the  time  x  1,  of 
its  own  genesis. 

The  trimediately  generated  power  of  the  first  order  5  x*  <f>'^  become 
C(H)stant  at  the  expiration  of  the  time  x  l^ ,  would  generate  5  a:'  ^'^  in 
the  subsequent  time  x  1( ,  and  therefore  actually  does  generate  Is^Kj}^ 
in  the  time  x  Ij  of  its  own  genesis. 

The  successive  series  for  the  time  a:  1,  is  therefore  1  ^v,  2  x  ^"^, 
^a?4>''\  4a?<ti''y  5x*<l>',  laf<t>^;  and  it  is  evident,  without  further 
showing,  that  the  corresponding  simultaneous  series  is  1  ^^,  1  a;  ^^, 
la^f^  la?(l>'\  la:*<^',  la!^<f?. 

The  successive  series  of  powers  being  simultaneously  in  existence 
at  the  expiration  of  the  time  x  1,,  it  is  finally  necessary  to  investigate 
their  complete  result  for  the  additional  time  h  !< ,  that  is,  for  the  whole 
time  (x-f-  h)  If. 

The  primitive  1  ^  ,  having  generated  the  final  result  laf(fP  in  the 
past  time  x  !< ,  will  generate  the  final  result  1  h^  <f>^  in  the  future  time 
Al,. 

The  immediate  2  x  ^^,  generated  in  the  past  time  x  l^ ,  and  become 
a  constant  generator,  will  generate  2,Sxh  ffi'"  in  the  future  time  A  1, ; 
which  2 . 3  07  A  ^'"  would  generate  2 . 3 . 4  x  A'  ^''  in  a  subsequent  time 

2.3.4 

h  1,,  and  therefore  actually  does  generate  x  h^  ^"  in  the  time 

A  ]|  of  its  own  genesis  :  this  Z.^xh^<f>''  would  generate  S.4.5xh^<l>' 

in  the  subsequent  time  h  1(,  and  therefore  does  generate     '    '     xV  ffi' 

3 

in  the  time  h  1,  of  its  own  genesis ;  and  this  4.5  xh^  <l)'  would  gen- 
erate 4 ,  b  X  h*  <f>^  in  the  subsequent  time  h  1|,  and  therefore  docs  gen- 

4. 5 

erate  —^  xhf  (p^  \n  the  time  h  1,  of  its  own  genesis. 
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The  mediate  3a?^"',  generated  in  the  past  time  x  1^,  and  become 
a  constant  generator,  will  generate  3 . 4  a?  A  ^"  in  the  future  time 
h  If ;  which  3 . 4  x'  A  ^"  would  generate  3 . 4 . 5  a?  A'  ^'  in  a  subee- 

3.4.5 

quent  time  k  1^ ,  and  therefore  actually  does  generate         '    jr^yj>^  in 

3  4.5 

the  time  h  1,  of  its  own  genesis ;  and  this  *     a?  h^  kJ)'  would  gen- 

1 .  <« 

3.4.5 

erate  -^^  a;*  A'  ^"  in  the  subsequent  time  h  1, ,  and  therefore  does 

generate     *    '     a?  h^  iff  in  the  time  h  1,  of  its  own  genesis. 

The  himediate  ^!x?<i>'\  generated  in  the  past  time  a:  1,,  and  become 
a  constant  generator,  will  generate  4 . 5  a:*  A  ^'  in  the  future  time  K 1,; 
while  4 .  5  a:^  A  ^'  would  generate  4 .  5  ar*  A'  ^'  in  the  subsequent  time 

4  5 

A  \i ,  and  therefore  actually  does  generate  r-^  a:'  A'*  in  the  time  of  its 

own  genesis  in  A  1, . 

The  trimediate  5  x*  ^',  generated  in  the  past  time  x  1, ,  and  become 
a  constant  generator,  will  generate  5x*  JkJ/*  in  the  future  time  A  l^ 

The  quatrimedicUe  1  af  ^",  generated  in  the  past  time  x  1,,  is  a  °<^°' 
generator ;  and  the  final  results  make  up  the  tablet : 

xl,:  hi,.  ^ 

l-^r.^   1-2.3^,^^^,   1.2.3.4^,,,,    1.2.3.4.5  ,, 

1.2.3.4.5.1 
1.2.3.4.5        ^ 

2x<l>^^;^-^xh  ^%  ?1^2^  X  A'  0",  ^-^^^^  X  A3  </>', 


1.2.3.4  ^ 

4:c»<^'/;ij^:c'A^',i^x»A'</>«. 

5  a:*  0'  ;  ^  X*  A  <^^ 
laf<l>\ 

The  final  result  is 

(la:'  +  5x*A  +  lOx»A«  +  lOx'A^  +  5a:A*+lA^)0«  =  (a;+*)'*"' 
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for  the  time  (ar-f-^)  !<•     If «  =  A  =  1,  the  series  expresses  the  de- 
velopment of  (1  + 1)'  <^'»=  2»  4>"  =  32  </>"  for  the  time  2.1,. 

(13.)  To  pass  from  the  development  of  {x  +  hf  to  that  of  {x — A)', 
all  the  genetical  operations  during  the  time  h  1,  must  be  reversed,  or 
performed  in  the  opposite  direction  in  space ;  whence  the  tablet  be- 
comes 

'h:         hji^ 

1.2.3.4.5  1.2.3.4.5.1 

~1.2T374-*  *'-    1.2.3.4.5    ^  *  =-^  ^  *  • 

'l-2-3-4'^^^*"  =  +^^^^*"- 
—  10  «>  A'  <^^ 

5a:«f   ;— ^^^a:*A<^'»  =  — 5xU0». 

The  final  result  is 

(Ijf--5x'h  +  l0j^h^—l0jf'h^-}'bxh'  —  lh')<l>'  =  {x—hy<t>\ 

for  the  time  {x  —  h)  1,.     If  x  =  A  =  1,  the  series  expresses  the  de- 
velopment of  (1  —  1)'  =  0  for  the  time  (1  —  1)  1,. 
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3.  Vital  Statistics.    By  E.  B.  Elliott  of  Boston. 

A.  Tables  of  Prussian  Mortality ^  interpolated  for  Annual  Intervals 
of  Age ;  accompanied  toith  FormulcB  and  Process  for  Constructm, 

B.  Discussion  of  Certain  Methods  for  converting  Ratios  ofDeaiht  to 
Population^  within  given  Intervals  of  Age^  into  the  Logarithm  of 
the  Probability  that  one  living  at  the  Earlier  Age  will  attain  ike 
Later ;  toith  Illustrations  from  English  and  Prussian  Data, 

C.  Process  for  deducing  accurate  Average  Duration  of  Life^  present 
Value  of  Life- Annuities y  and  other  useful  Tables  involving  Life' 
Contingencies y  from  Returns  of  Population  and  Deaths,  without  tk 
Intervention  of  a  General  Interpolation, 

The  mortality  and  accompanying  tables,  to  which  the  attention  of 
the  Association  is  called,  comprise  portions  of  a  series  of  tables  that 
have  been  and  are  being  prepared,  for  the  New  England  Mutual  Life 
Insurance  Company  of  Boston,  from  official  returns  of  the  British, 
Swedish,  Prussian,  and  Belgian  governments,  and  from  such  reliahle 
American  statistics  as  are  obtainable. 

In  several  of  the  United  States  of  America  the  decennial  enumer- 
ation of  the  numbers  and  ages  of  the  living  effected  for  the  General 
Government  have  been  quite  accurate  and  reliable,  while  the  only 
official  mortality  returns  (viz.  those  ordered  in  connection  with  the 
last  census,  1850)  are  inaccurate  and  deficient.  In  Massachusetts, 
since  its  Registration  Act  of  1849,  certain  districts  have  furnished 
valuable  and  satisfactory  information  respecting  the  numbers  and  ages 
of  the  dying  ;  but  from  the  published  abstracts  it  has  been  impossible 
to  separate  imperfect  from  reliable  data.  In  the  yet  unpublished 
abstracts  of  the  returns  for  1855  an  improvement  is  being  effected, 
under  the  direction  of  the  present  Secretary  of  State,  which,  although 
augmenting  somewhat  the  expense,  will  afford  fit  material  for  the 
construction  of  a  Life -Table  that  shall  satisfactorily  represent  the  rates 
of  mortality  prevailing  among  the  inhabitants  of  the  larger  part  of  the 
Commonwealth. 

The  leading  paper  (A)  presents  a  new  Life-Table,  complete  for 
annual  intervals  of  age,  and  calculated  from  over  a  million  (1,197,407) 
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of  observations  regarding  the  ages  of  the  dying,  in  a  population  of 
fifteen  millions  (14,928,501),  and  in  a  community  where  observations 
on  vital  statistics,  for  many  years,  are  believed  to  have  been  made  with 
care  and  accuracy.  It  adds  one  to  the  very  limited  list  of  National 
Life-Tablds. 

The  remaining  papers  (B  and  C)  are  devoted  to  the  discussion  of 
certain  methods  for  converting  rates  of  mortality  for  diflerent  inter- 
vals of  age  into  probability  of  living ;  and  to  the  presentation  of 
abridged  methods  for  calculating,  at  certain  ages,  accurate  tables  of 
practical  value,  involving  life-contingencies,  accompanied  with  simple 
rules  for  determining  any  required  yalue  intermediate. 


A*  Tables  of  Pbcssiav  Mortality,  interpolated  for  Annual  Iktbb- 
VALs  OF  Age  ;  accoxpakied  with  Formula  and  Process  for  Cok- 
struction. 

The  data  from  which  the  following  tables  have  been  calculated 
were  obtained  from  documents  sent  by  Mr.  HoflTman  of  Berlin  to  the 
English  Ministry  of  Foreign  Affairs,  and  published  in  the  Sixth  Annual 
Report  of  the  Registrar-General  in  England. 

Population  of  Prussia,  Civil  and  Military  (exclusive  op  Neup- 

chatel).* 

At  the  end  of  the  year  1834,  13,509,927. 
"  "  1837,  14,098,125. 

"  "  1840,  14,928,501. 

The  documents  above  mentioned  give  no  statistics  of  immigration  or 
emigration. 

The  increase  of  population  during  the  three  years  1838,  '39,  '40, 
was  830,376. 

The  excess  of  births  over  deaths  during  the  same  three  years  was 
486,937. 

Leavibg  343,439,  which  is  41.36  per  cent  of  the  total  increase  of 
population,  unaccounted  for  by  excess  of  births  over  deaths. 

*  "  The  popnlation  of  Neafcbatel,  not  included  in  the  above,  was  59,448  in  1837, 
52,223  in  1825." 
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Population  of  Prussia  at  the  End  of  the  Yeas  1840,  classed  accobb- 

IXO  TO  AOE  AND   SeX. 


Ages. 

Malei. 

Females. 

Males. 

Females. 

Ages. 

0-    5 

1,134,413 

1,114,871 

) 

5-    7 

370,740 

336,429  }  2,603,699 

2,550,022 

0-14 

7-14 

1,098,546    1,068,722;  ) 

14-16 

344,179 

331,039| 

14-16 

16-20 

^     586,059 

20-25 

692,704 

25-32 

777,183 

3,238,434 

3,253,643]             16-45 

82-39 

646,122 

39-45 

536,366 

' 

1 

45-60 

816,726 

881,280 

'             45-60 

60  and  upwards, 

445,544 
7,448,582 

463,935| 



60  and  upwards. 

All  Ages, 

7,479,919' 

Assuming  the  distribution  of  the  (3,253,643)  females  for  the  several 
intervals  between  the  ages  16  and  45  to  be  proportioned  to  the  distri- 
bution of  (3,238,434)  the  corresponding  number  of  males,  we  have 


Ages. 

Females. 

588.812 
695,957 
780,833 
649,156 
538,885 

16-20  . 

20-25 

25-32 

32-39 

39-45 

Total,  16-45 

3,253,643 

Hence  the  following 

Numbers  and  Ages  op  the  Population  of  Pbussia  at  the  End  of  the 


Year  1840. 

Ages. 

Persons. 

0-    5 

2,249.284 

5-    7 

737,169 

7-14 

2,167,268 

14-16 

675,218 

16-20 

1,174,871 

20-25 

1,388,661 

25-32 

1,558,016 

32-39 

1,295.278 

39-45 

1,075,251 

45-60 

1,698,006 

60  and  upwards, 

909,479 

All  Ages, 

14,928,501 

We  wish  to  distribute  the  population  from  ages  25  to  45,  from  45  to 
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60,  and  from  60  upwards  in  quinquennial  or  decennial  periods,  to  corre- 
spond with  the  ages  of  the  dying  as  presented  in  the  mortality  returns. 

We  first  determine  the  quinquennial  distribution  between  ages  25 
and  45. 

Let  P,^  represent  the  population  between  ages  x  and  y,  or  the 
numbers  living  under  age  y,  less  the  numbers  living  under  age  x. 


Then  P,,^  =  1,174,871 
P„^  =  2,563,532 
P..^  =  4,121,548 
Pu/»  =  5,416,826 
Pni45  =  6,492,077 
Pi.m  =  8,190,083 


Assume  Pu,.  =  Ph 


+p. 


+  Pu 


x-h  .  a;-  c 

*  a-b , a- c 

x-a . x-c 

x-a . x-h 


56.) 
11,) 


Let  a  =  20,  ft  =  25,  c  =  32 ;    then  will  Pie,3o  =  3,722,366. ' 

Let  a  =  25,  ft  =  32,  c  =  39;!^^^'^^"^  ^-'»  =  3,703,211,- 

(  and         Pie,35  =  4,708,839. ) 

Uta=32,ft  =  39,c=45J^^"^^^^-'»  =  4'^'^^'> 

(and         Pi„4o  =  5,598,277. 1 

Let  fl  =  39,  ft  =  45,  c  =  60 ;    then  will  F,,,^  =  5,611,751.  j 

Taking  the  arithmetical  mean  of  the  above  duplicate  results,  we 
have 

Pj,^  =  3,712,789  Hence  Pa5,9o  =  1,149,257 

Pii/s5  =  4,695,445  P„,a5  =     982,656 

Pn/io  =  5,605,014  P85,4o  =     909,569 

P40/15  =     887,063 
which  results  cannot  vary  materially  from  the  actual  distribution. 

The  following  Table  gives  the  distribution  of  the  population  of 
Prussia  between  ages  45  and  60  (1,698,006) ;  and  of  the  population 
from  age  60  upwards,  according  to  the  corresponding  proportional  dis- 
tribution of  the  numbers  of  the  population  of  the  Northwestern  Division 
of  England  (the  Eighth  of  the  eleven  Districts  into  which  England  and 
Wales  are  divided  in  the  Reports  of  the  Registrar- General). 


Aget. 

Difltritmtlon  of  Pnusian  Population  over  age  45. 

45-55 
55-60 

1,257,322 
440,684 

60-65 
65-75 
75-85 
85-95 
95  and  over. 

353,657 

398,925 

137,188 

18,638 

1,026 

45  and  oyer, 

2,607,485 

5«. 
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Numbers  and  Ages   of   the  Population  of  the   Northwbbtbex  Di- 
vision   (EnO.)    in    1841,  ACCOEDING  TO  WHICH  THE   ABOVE  DiSTBIBUTIOI 

WAS  MADE.  —  (9tli  Rep.  Reg.-Gen.) 


Agea. 


Northwestern  Dirlskm  (Eng.),  1841. 
Nombers  and  Agei  of  the  Living  aboTe  Age  45. 


45- 

55 

5.'J- 

•60 

60- 

•65 

65- 

75 

75- 

-85 

85- 

-95 

95  and 

over, 

151,064 

_52,947_ 

39,656 

44,732 

15,383 

2,095 

115 


45  and  over, 


305,992 


The  numbers  living  above  age  15  in  the  Northwestern  Division 
(England)  were  grouped,  with  reference  to  age,  only  in  decennial 
classes. 

By  assuming  the  algebraic  equation, 

X — 55  .  X  —  65  .  X — 75 


Pi5„  =  Pe 


+  P. 


«'*'  •  45  —  55  .  45  —  65  .  45  —  75 
X — 45  ,  X  —  55  .  a;  —  75 


56/85  • 


+  P« 


65  —  45.65  —  55.65—75 
X — 45  .  X  —  55  .  X — 65 


75  —  45  .  75  —  55  .  75  —  65 

a  close  approximation  to  the  probable  number  of  persons  living  be- 
tween ages  55  and  60  (52,947)  and  between  ages  60  and  65  (39,656) 
resulted. 

-P55/X  represents  the  number  of  persons  reported  living  under  age  «, 
less  the  number  living  under  age  55. 

We  remark  that  P65/45  is  essentially  negative. 

The  population  of  the  Division,  as  returned  for  the  night  of  June 
6-7,  1841,  was  two  millions  (2,098,820),  being  one  eighth  of  the 
entire  population  of  England  and  Wales  (15,914,148)  at  that  date. 
The  counties  of  Cheshire  and  Lancashire  constitute  this  Division. 
The  latter  county  includes  the  densely  populous  and  unhealthy  district 
of  Liverpool. 

The  ratios  of  deaths  to  population  for  the  intervals  from  age  45  to 
60,  and  from  age  60  upwards,  more  closely  approximated  the  corre- 
sponding ratios  for  Prussia,  than  did  those  of  any  other  large  commu- 
nity concerning  which  reliable  population  and  mortality  statistics  were 
to  be  obtained. 
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Table  comparino  Ratios  of  the  Annual  Number  of  Deaths  to  the 
Numbers  living  in  certain  Communities  from  Age  45  to  60,  and 
FROM  Aoe  60  T  )  extreme  Old  Aob. 


" 

AgM 

Ag«fl 

46-60. 

60  and  upwmrda. 

Pruaia. 

Deaths,  1839,  '40,  '41, ) 

Population,  1840,         J        *                *    ,    * 

.024 

.088 

Deaths,  seven  years,  1838  -  44,  f 
Population,  middle,  1841,          ) 

.023 

.079+ 

Sweden. 

Deaths,  twenty  years,  1821-40,       ) 
.  Population,  mean  of  1820,  *30,  *40,  J  -  * 

.021 

.079— 

B^um. 

Deaths,  nine  years,  1842-50,  ) 
Population,  October  15,  1856, )    '        ' 

.020 

.073 

England  and  Wales, 

1841,            

.019 

.069 

A  comparison  of  the  distribution  of  the  numbers  of  the  living  in 
Prussia  in  these  intervals  of  age  according  to  that  of  the  North- 
western Division  (Eng.),  with  a  distribution  of  the  same  numbers 
according  to  the  mean  of  the  corresponding  distribution  of  equal 
numbers  of  the  populations  of  England  in  1841  and  of  Belgium  in 
1846,  would  give  the  following  results. 

DiSTRIBITTION  OF  THE  POPULATION  OF  PxUSSIA  ACCORDING   TO 


Agas. 

The  Mean  of  Equal  Numbers 
in  Engbuid  aod  Belgium. 

The  Northwestern  Diviafon 
(England). 

45-55 
55-60 
45-60 

1,285,567 

412,439 

1,698,006 

1,257,322 

440,684 

1,698,006 

60-65 

65-75 

75-85 

85  and  over, 

60  and  over, 

45  and  over, 

330,425 
398,646 
155,077 
25,331 
909,479 
2.607,485 

353,657 
398,925 
137,188 
19,709 
909,479 
2,607,485 

The  distribution  according  to  the  English  and  Belgian  facts  would 
give  larger  numbers  after  about  age  75,  in  the  resulting  Life-Table. 

The  distribution  according  to  that  of  the  Northwestern  Division 
was  adopted  as  the  best  representation  of  the  probable  corresponding 
distribution  of  the  population  of  Prussia,  within  the  intervals  of  age 
above  mentioned.     Hence  the  followbg  Table. 
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Deaths,  Population,  Mortality,  and  Logarithms  op  the  Probability 
OP  Living  in  Prussia. 

The  Numbers  of  the  Living  between  ages  45  and  60,  and  from  60  to  extreme  old  age 
are  distributed  according  to  corresponding  proportional  distributions  of  the  numbers  of 
the  population  of  the  Counties  of  Cheshire  and  Lancashire  {Northwestern  Division)^ 
in  England^  in  1841. 


Ages. 


0-1 
1-3 
3-5 

5-7 

7-14 

14-20 

20-25 

25-30 

30-35 

35-40 

40-45 

45-55 

55-60 

60-65 

65-75 

75-85 
85  and 
upwards 

Total, 


Deaths. 


Aggregate 

Numbers 

and  Agee  of 

the  Dying 

during  the 

Three  Yean 

1889, '40, '41 


^o„~^o/. 


D 


310,527 

162,356 

62,734 

33,272 

27,156 

22,887 

34,585 

36,849 

31,594 

35,579 

38,094 

78,503 

46,704 

58,576 

107,653 

61,697 
15,572 


1,197,407 


Population. 


Nombera 

and  Ages  of  the 

Living  at  the 

End  of  the 

Year  1840. 


P    — P 


y  2,249,284 

737,169 

2,167,268 

1,850,089 

1,388,661 

1,149,257 

982,656 

909,569 

887,063 

1,257,322 

440,684 

353,657 

398,925 

137,188 
19,709 


14,928,501 


Mortality. 


Ratios  of  the  Average 
Annual  Numbers  of 
the  Dying  during  tiie 
Three  Yean  1889,  '40, 
'41,  to  the  Numben 
of  the  Living  com- 
puted irhtix  reference 
to  the  Middle  of  1840. 


.  C 


M . 


.0802238 

.0152056 

.0077790 

.0062978 

.0089397 

.0096939 

.0108317 

.0131780 

.0144675 

.0210345 

.0357042 

.0557995 

.0909134 

.1515098 
.2661784 


Looaritums  of  Probabil- 
ities OF  Survivino 
bach  Interval. 


Duplicate 
Values,  each    [         „  , 
deduced  ftwn  1    ^    7**?!? 
two  consecutive    denvedf^om 
Ratios  in  the  i  Comparison  of 
Column  of     |  **»«  Duplic»t«8. 
Mortality. 


^/'o/y"^^o„ 


^P. 


-.013106 
-.013201 
-.023480 
-.023628 
-.016399 
-.016432 
-.019433 
-.019418 
-.021057 
-.021059 
-.023533 
-.023542 
-.028646 
-.028630 
-.031434 
-.031464 
-.092155 
-.092527 
-.077947 
-.078021 
-.122543 
-.121891 
-.424020 
-.408584 
-.716433 
-.730677 


*. 


14928501  =    PopulaUon  of  Prussia,  a«  returned  for  the  end  of  the  year  1840. 


14770727  =  Population  of  Prussia,  estimated  for  the  middle  of  the  year  1840, 
fh>m  the  numben  returned  a«  living  at  the  end  of  1884, 1887, 
and  1840. 
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It  will  be  observed  that  the  values  derived  from  comparison  of  the 
duplicate  logarithms,  and  which  have  been  adopted  in  constructing 
the  Interpolated  and  other  Tables,  are  not  in  all  cases  arithmetical 
means.  The  diflference  is  of  little  moment,  but  there  is  no  sufficient 
reason  for  preferring  the  former. 

Logarithms  of  the  Pbobabilitt  of  Surtivino, 
Ompvkdfwm  the  Returns  of  the  Numbers  of  the  Living  under  Aye  5 ;  and  of  the  Numbers 
of  the  Dying  annually  under  1  YearofAge^  over  1  and  under  3,  orer  3  and  under  5. 


Aget. 

O-l 
1-3 
3-5 

X/'„y. 

—  .082920 

—  .051670 

—  .022522 

The  successive  addition  of  the  logarithms  of  the  probabilities  of 
surviving  the  consecutive  intervals  of  age  to  5.001688,  the  logarithm 
assumed  for  the  proportional  numbers  born  alive,  gives  the  following 

TlBLE  OF  THE   LOGARITHMS    OF    THE  PROPORTIONS,   AND   THE  PROPORTIONS 

OF  Persons  born  alive  and  surviving  certain  Ages  in  Prussia,  ac- 
cording TO  the  calculated  Law  of  Mortality. 

^>eirtAi,1839,*40,  *41. 

Population  computed  with  reference  to  middle  o/*  1840. 

^distribution  of  Population  above  Age  45,  Northwestern  Division  (Eng.). 


SurriTon. 

Age. 

Logarithmi. 

PenoiM. 

1 
1 

xz. 

L^ 

0 

5.001688 

100,389 

1     1 

4.918768 

82,941 

'    3 

4.867098 

73,637 

5 

4.844576 

69,916 

14 

4.807864 

64,249 

25 

4.772023 

59,159 

35 

4.727428 

53,386 

45 

4.667342 

46,488 

55 

4.575020 

37,585 

65 

4^574850 

23,706 

75 

3.959242 

9,104.2 

85 

3.237221 

1,726.7 

95 

1.982879 

96.1 

,05 

—  1.803755 

.636 
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The  values  opposite  ages  95  and  105  were  computed  from  the 
logarithms  of  the  numbers  surviving  at  ages  65,  75,  and  85,  by  the 
exponential  formula, 

XL,  =   *,  =  *e5+  (*75  —  *«)  ^75-65.^1  7 

in  which 


*75 *65 


These  values  were  adopted  as  bases  for  the  construction  of  the 
accompanying  Life-Table  interpolated  for  annual  intervals  of  age; 
and  also  for  computing  by  abridged  methods  certain  practical  life- 
contingency  tables. 

Before  presenting  this  table  and  these  methods,  we  will  state  some 
of  the  principles  which  underlie,  and  indicate  the  process  by  which 
ratios  of  the  numbers  of  the  dying  to  the  numbers  of  the  living,  during 
the  several  intervals  of  age,  have  been  converted  into  logarithms  of 
the  probabilities  that  one  living  at  the  earlier  age  will  attain  the  later. 

Whenever,  in  any  community,  the  intensity  of  mortality  at  each 
age,  or  the  ratio  of  the  numbers  momentarily  dying  during  each 
minute  interval  of  age  to  the  numbers  then  living  within  the  same 
interval,  has  been  constant  for  a  period  of  time  equal  to  the  difference 
between  the  specified  age  and  the  extreme  of  old  age,  an  invariabh 
law  of  mortality  is  said  to  prevail  in  that  community. 

The  law  of  human  mortality  is  seldom  strictly  invariable.  It  fluc- 
tuates within  certain  limits^  not  only  with  different  communities  and 
localities,  but  in  the  same  community  during  successive  periods,  and 
in  the  same  localities.  The  habits,  occupations,  and  social  condition 
of  the  members  of  the  community  remaining  unchanged,  the  larger 
their  numbers  the  narrower  these  limits.  It  is  within  the  province 
of  the  vital  statistician  to  determine,  not  merely  an  average  of  the 
rates  of  mortality  prevailing  in  a  community,  but  also  the  sensible 
limits  within  which  the  rates  fluctuate. 

Our  present  inquiries  have  reference  to  the  determination  of  a  law 
of  mortality  which  shall  satisfactorily  represent  the  average  of  the 
rates  prevailing  among  the  inhabitants  of  a  populous  state,  with  fixed 
geographical  boundaries ;  and  in  which  the  numbers  of  the  inhab- 
itants vary  with  births  and  with  deaths,  with  immigration  and  with 
emigration. 
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If,  in  a  large  community,  varying  with  births,  deaths,  and  migra- 
tions, but  in  which  the  numbers  of  the  population  have  not  been 
subject  to  sudden  and  irregular  change,  the  number  of  the  dying 
during  a  given  year  or  period  of  time  between  ages  not  very  remote 
be  divided  by  the  number  of  the  living  between  the  same  ages  at 
the  middle  of  that  period  of  time,  the  quotient  resulting  from  the 
division  has  generally  been  assumed  closely  to  approximate  the  quo- 
tient that  would  have  resulted  had  the  numbers  of  the  population 
within  the  limits  of  these  ages  been  stationary ;  that  is,  assuming 
an  invariable  law  of  mortality,  had  the  numbers  of  the  population 
for  each  minute  interval  of  age  within  the  limits  of  these  ages  re- 
mained constant  during  that  period,  and  unaffected  by  cither  immi- 
gration or  emigration. 

The  errors  involved  in  this  assumption  are  of  small  moment  com- 
pared with  probable  errors  of  observation,  and  vanish  when  the  inter- 
vals of  age  are  taken  exceedingly  minute,  and  where  the  excess  or 
deficiency  of  the  deaths  in  the  former  half  of  the  period  of  time,  with 
reference  to  half  the  deaths  of  the  entire  period,  is  exactly  counter- 
balanced by  a  corresponding  deficiency  or  excess  of  the  deaths  in  the 
latter  half  of  that  period  of  time. 

We  adopt  this  hypothesis,  and  assume  that  each  of  the  ratios  in 
the  column  headed  Mortality  is  identical  with  that  which  would  have 
resulted  had  the  population  of  Prussia  within  the  limits  of  the  ages 
been  stationary  for  a  period  of  years  equal  to  the  specified  interval ; 
and  we  also  assume  the  accuracy  of  the  Prussian  mortality  and  pop- 
ulation returns. 

From  these  ratios  we  now  proceed  to  determine  duplicate  logarithms 
of  the  probability  that  one  surviving  the  earlier  age  in  each  interval 
will  attain  the  later. 

Let  Po,,  =  the  number  living  under  age  a:,  in  a  stationary  popula- 
tion, in  which  the  same  law  of  mortality  prevails  as  in 
Prussia. 
D^,g  =  the  number  of  annual  deaths  under  age  x  in  the  station- 
ary population. 
/q  =  the  number  bom  alive  each  moment  of  time,  in  the  stationary 

population. 
Z,  =  the  number  surviving  x  years,  out  of  (k)  the  momentary 
number  of  births. 


60  A.      MATHEMATICS   AND    PHYSICS. 

Pa^5  =  ^  =  the  probability  that  one  surviving  the  earlier  age  (a) 

will  attain  the  later  {h). 
^0/,  =  2o  —  Z,  =  the  number  dying  in  x  years  out  of  (l^)  the  mo- 
mentary number  of  births. 
In  a  stationary  population 

n     —  ^ 
ax 

and 

dPo,s  =  K; 
therefore, 

But  Ma,i ,  the  ratio  of  the  average  annual  number  of  deaths  in  Prus- 
sia between  ages  a  and  b  to  the  number  of  the  living  between  these 
ages,  computed  with  reference  to  the  middle  of  the  period  in  which 

the  deaths  occur,  equals  ^"^'-^-P''  ~  ^'^\ 

Assume  doj^  =  Qx  -]-  Rx^^  Q  and  R  being  unknown,  and  inde- 
pendent of  the  variable  x. 
Then 

_  Qx  +  Rx" 
^•"""         dx       ' 

and 

/'•'  =  «+ "'dr.- 

Hence 

M^,i  (which  =  ■=-  =  p p- 1 p -5 73 — '3 

4o6— a — y — jr K — 5— 


Q+fiH-a 


\-Qt±i^n?l+^ 


and 


JML„ 


Q+Bc-f-J 


\_Q£±?_Ki±i;i±^- 
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So  also, 
and 


Given  Jtf„j  and  Af,„,  required  X  j».,4  and  X^*,,^ 
Pint  determine  values  for  Q  and  R ;  the  values  of  X  ;>.,«  &°d  Xpt„ 
are  then  readily  found. 


and 


in  which 


o 

The  reduction  may  be  simplified  by  letting  ^  =  1,  and  by  the  use 
of  addition  and  subtraction  logarithms. 

In  like  manner,  from  M,,,^  and  Med  obtain  \jpi„c  and  \pcid ;  and  so 
on  for  all  intervals  of  age  which  the  returns  give. 

We  thus  obtain  duplicate  values  for  the  logarithms  of  the  proba- 
bilities of  surviving  all  the  intervals  specified  except  two.  For  the 
first  and  the  last  interval  we  have  but  single  values.  We  may,  without 
naaterial  error,  adopt  for  the  true  probability  the  mean  of  these  dupli- 
cate results. 

It  will  be  observed  that  the  conversion,  in  each  of  these  cases,  is 
made  for  the  entire  interval,  not,  as  is  more  frequent,  for  the  middle 
6 
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year  of  the  interval.  We  are  thus  enabled,  without  the  intervention 
of  a  general  interpolation,  to  compute  directly  the  number  surviving 
at  certain  ages  in  the  resulting  life-table,  out  of  a  specified  number 
born  alive. 

Usually  the  conversion  is  from  a  single  ratio,  based  upon  the 
assumption  of  a  uniform  distribution  of  deaths  throughout  the  interval. 
By  the  present  method,  however,  the  conversion  is  effected,  taking 
into  account  the  actual  or  variable  distribution  of  deaths,  from  three 
consecutive  ratios,  one  preceding  and  another  following  the  interval. 
A  comparison  of  the  relative  accuracy  and  simplicity  of  several 
methods  for  effecting  the  conversion  will  be  given  on  a  following 
page.  • 

We  now  proceed  to  indicate  methods  for  obtaining  probabilities  of 
surviving  from  birth  to  ages  one,  three^  and  Jive* 

We  have  the  average  annual  number  of  deaths  in  Prussia  under 
the  ages  of  one,  three,  and  five  (A/m  A/sj  A/s)^  for  the  period  of  the 
three  years  1839,  '40,  '41  ;  and  the  population  under  the  age  of  five 
(Po/s)  at  the  end  of  the  middle  year  of  the  period  (end  of  1840); 

also  the  ratio  (- )  of  the  annual  increase  in  the  number  of  births 

deduced  from  the  numbers  registered  for  each  of  the  six  years 
1836-41.  The  average  annual  number  of  deaths  for  the  three 
years  1839,  '40,  '41  we  shall  consider  identical  with  the  number  of 
deaths  for  the  year  1840. 

From  the  following,  it  would  appear  that  the  accurate  number  of 
those  born  alive  cannot  be  obtained  directly  from  ofiicial  reports,  be- 
cause of  probable  deficiencies  in  registration.  If  the  numbers  of  the 
living  and  of  the  dying  at  the  earlier  ages  have  been  accurately 
observed  and  returned,  if  the  numbers  at  these  ages  have  been  but 
little  affected  by  immigration  and  emigration,  and  if  the  ratio  of 
annual  increase  in  the  number  of  births  can  be  obtained,  a  close 
approximation  to  the  actual  number  of  those  bom  alive  may  be 
computed. 

Let  lo  be  the  number  of  those  momentarily  born  alive  in  Prussia  at 

the  time  for  which  the  census  was  taken  (end  of  1840). 

1       /births  1839,  '40, '41V      t  m  «.>.»:     u         •       r    u  i 

-  =  (r^i.    loo^    io>^  loo)  =  1.01545,  the  ratio  of  the  annual 
V       Vbirths  1836,  '37,  '38/  ' 

increase  in  the  number  of  births  estimated  from  those  registered  for 

each  of  the  six  years  1833-41. 
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X-  =  .0066586,  the  logarithm  of  this  ratio. 

V 

Let  do,,  be  the  number  that  died  before  attaining  the  age  of  x  years 
(according  to  the  prevailing  law  of  mortality)  out  of  (1q)  the  number 
bom  alive  in  Prussia  during  the  moment  of  time  (end  of  1840)  that 
the  enumeration  of  the  living  is  supposed  to  have  been  made. 

n'  d  ^,„  will  express  the  number  of  those  aged  x  years  that  died  in 
Prussia  during  the  supposed  moment  of  enumeration. 


•/  0  %/  0 


the  annual  number  of  deaths  in  Prussia  under  the  age  of  x  years,  for 
the  year  ending  with  the  census,  i.  e.  for  the  year  1840. 


•/o  «/  0 


represents  the  total  number  that  died  in  Prussia  during  the  x  years 
preceding  the  time  of  the  enumeration  of  the  living,  out  of  the  num- 
bers bom  alive  within  that  period.     This  expression  obviously  equals 

represents  the  number  born  alive  during  the  x  years  preceding  the 
time  of  the  enumeration. 

The  numbers  bom  alive  within  this  period  of  x  years,  less  the  num- 
bers dying  within  the  period  out  of  the  numbers  born  alive,  obviously 
represent  the  numbers  of  the  living  at  the  end  of  the  period  under  the 
age  of  X  years;  immigration  and  emigration  among  those  underage 
X  being  considered  null. 

the  numbers  bom  alive  during  (1840)  the  year  immediately  preceding 
the  time  of  enumeration. 
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Hence 


'*/"'= 


v'—l 


in  which  F  is  the  Napierian  logarithm  of  r. 
Let «  =  5 ;  then  will  ' 

To  simplify,  let 

TV   J    _o'-'A/.        t.'F      ■D^.dg 

Then 

The  returns  give 

®'^  '       )  average  annual  deaths  under  ages  one,  three, 

Do^  ==     157,628  V  ^ 

Dofi  =     178,539  ) 

p    —  o  OAG  oQyf  i  popu^a^on  under  age  five  at  the  end  of  the 
Fo^  -  2,249,284  |      ^^^^  ^^^^ 

From  these,  and  from  .0066586  (  =  X  -)  the  logarithm  of  the  ratio 
of  annual  increase  among  registered  hirths,  we  find 
Din=    98,100, 
JD4,3  =  154,043, 
IKfi  =  179,912. 
Assume 
Di„  =  jDS,o  [=0]  +a;^  +  a?.ic^^^  +  a;.«^^l.«^^d^  + 


a?. a? — l.x  —  3.x  —  bR 
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/■''.■-=^'+G--0'+(j-¥+¥)' 

+  V5-T-+-3 r)^ 

=  ^  j,  +  2^-_l^  +  (?£Zli|)^»?^ 
,    [(12a?  — 135)a:  +  460]ar  — 450  ^) 

+ 30 ^  r 

+  (4x»  —  27a:«  +  46x  —  15)  R. 

j^  =  2^+  (6a? -^  8)  ^  +  (12x'  —  54*  +  46)  R. 

B,  ^,  and  fi  are  the  divided  differences  of  the  values  Z>o/o  (=0), 
A/11  A/89  <^d  i>o/6 ;  and  R  is  indeterminate. 

A  ^  AB  fi  A£P        iP 

K=    98,100^f'^^^^l^-— 70,128.5— 23,876.17    ,«,,,«,„«„,  „o 
i)!.=  154:04S^Jj;;.^J^^^^  3:759.26    ^^'^^^'^^  '^'''''' 

We  observe  that  the  divided  differences  of  the  first  order  are  posu 
lice,  and  that  they  diminish  as  the  age  advances. 

Required  for  R  a  value  such  that  the  Jirst  differential  coefiicients 
of  the  function  assumed  for  Difx  be  positive'  It  would  also  be  de- 
sirable, if  possible,  that  the  second  differential  coefficients,  from  birth 
to  at  least  age  five,  be  negative. 

The  latter  is  not  possible  for  the  entire  period,  with  our  present 
values  for  Difi ,  i>{/3 ,  and  Dj^s ,  if  we  assume  but  one  arbitrary  value 
(Ry  Our  object,  however,  is  sufficiently  attained  by  taking,  for  R,  a 
value  such  that  for  ages  three  and  Jive  the  above  conditions  shall  be 
observed. 

That  the  first  differential  coefficients  be  positive  for  ages  three  and 
five,  it  is  requisite  that 

R  <       396.6 
>  — 920.1; 
that  the  second  differential  coefficients  be  negative  for  the  same  ages, 
it  is  requisite  that 

6» 
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B  >  _  939.8 
<  — 520.6; 

from  which  it  appears  that  R  should  he  negative^  and  that  its  value  be 
between  —  920.1 
and  —  520.6 

Let  B  =  —  700.    We  now  have 

6  =       98,100 

fi  =  —  23,376.17 

fi  =         3,923.38 

B  =  —      700. 
Hence 

f'Di^dx  (which  =^B  +  l^f  +  ^d^-  ^B)  =  657,995. 


X  5 \  =  1.3142433, 

Po,5  =  2,249,284; 


in  which 

and 

therefore, 

Lo  =  599,418. 

By  the  above  process  the  probable  number  bom  alive  during  the 
year  1840  is  found  to  have  been  599,418  instead  of  562,394,  the 
average  of  the  numbers  registered  as  born  alive  during  each  of  the 
three  years  1839,  '40,  '41 ;  thereby  indicating  an  annual  deficiency 
in  the  registration  of  37,024,  or  about  6.2  per  cent  of  the  probable 
number  born. 

In  the  above  we  have  supposed  the  numbers  of  the  dying  and  of  the 
living  at  early  ages  accurately  returned.  If  either  be  represented  less 
than  truth,  the  resulting  correction  would  give  still  larger  the  probable 
number  of  births.  Correction  for  deaths  that  escape  registration,  if 
any,  would  tend  to  reduce  the  probabilities  of  living. 

V  — •    1  Zn 

Having  found  Lq  (which  equals  — =^r—  .  -p-),  the  annual  number 

of  births  for  the  year  1840,  we  next  seek  values,  corresponding  to 
intervals  of  age  0-1,   1-3,   and   3-5,  for  D"©,,   (which  equals 

— ^— .  y^))  the  annual  number  of  deaths  in  a  stationary  popula- 
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tioQ  in  which  Lq  is  the  annual  number  of  births  ;  or  the  number  that 
must  die  in  x  years,  according  to  the  law  of  mortality  prevailing  in 
Prussia,  out  of  Lqi  born  alive. 

V  —  iJn         dx   '      V 
Bat 

.-.  diy\,.  =  (djy^,  +  VD'.^dx)  ^-^  . 

Integrating, 

^'0,x  =    -JFp/-  D'o..  +  ^/'  ^0,,  d  X. 

D,  7,  D^o/i,  I^o/sj  and  D'o/s  are  already  known ;  also  ^,  ^,  and  ^, 
and  jR  in  the  expression 

[(12a;— 135)  J?  +  460]  x  —  450  j,  ^ 
"f"  30  ^1* 

Substituting  for  x  values  1,  3,  and  5,  we  have 
f^D'o,xdx=  55,899, 

I  Vo„(ia:  =  323,335, 

J^D'9,^dx=  657,995. 

Therefore, 

D",,,  =  104,184, 

2>"„3  =  159,735, 

i>"o/5  =  181,955. 


68 


A.     MATHEMATICS   AND    PHYSICS. 


\pe,x  (the  logarithm  of  the  probability  that  one  bom  alive  will  sur- 
vive X  years)  =  X  ^-^^  =  X  ^-^JL*. 

Therefore, 

Xpo,i  =  1.9170804  =  X  .82619, 
\Po,B  =  2-^654097  =  X  .73352, 
\p,^  =  1.8428880  =  X. 69645. 

Hence  of  100,000  bom  alive  there  will  attain  the  age  of 
one  year  82,619, 
three  years  73,352, 
five  years  69,645 ; 
or  of  100,389  bom  alive  there  will  attain  the  age  of 
one  year  82,941, 
three  years  73,637, 
five  years    69,916. 

The  latter  results  are  those  adopted  in  the  accompanying  inter- 
polated and  other  tables.  These  tables,  as  first  constmcted,  repre- 
sented the  probability  of  surviving  five  years  from  birth  to  be  .69916, 
computed  by  a  process  less  rigorous  and  satisfactory  than  the  one 
just  described.  By  assuming  the  same  number  surviving  at  age  five 
(69,916)  as  in  the  original  table,  modification  of  the  values  for  ages 
greater  than  five  becomes  unnecessary. 

The  logarithms  of  the  numbers  surviving  certain  ages  out  of  100,389 
born  alive  may  be  continued  for  ages  greater  than  five,  by  successively 
adding  to  4.8445759  (the  logarithm  of  the  number  surviving  age  five), 
the  logarithms  that  have  previously  been  determined  for  the  proba- 
bilities of  surviving  the  consecutive  intervals. 

The  table  will  then  be  ready,  either  for  a  general  interpolation  of 
the  numbers  surviving  each  anniversary  of  birth,  or  for  obtaining,  by 
abridged  methods,  the  accurate  average  duration  of  life,  life  annuities, 
annual  premiums,  single  premiums,  and  other  practical  tables  involv- 
ing life  contingencies,  for  certain  age^,  without  the  intervention  of  a 
general  interpolation.  Simple  rules  may  also  be  added  for  computing 
from  these  periodical  results  any  specified  values  intermediate. 

The  following  is  a  brief  method  for  finding  approximate  values  for 
the  probabilities  of  surviving  the  intervals  from  birth  to  ages  one, 
three,  and  five,  on  the  supposition  of  a  probable  deficiency  in  the 
registered  number  of  births,  and  that  the  ratio  between  the  Yiumbers 
registered  and  the  tme  numbers  is  constant. 
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The  same  interpretation  of  symbols  is   observed  as  in  the  last 
demoDstration. 
We  already  have 


/> 


TV      ^  "'"^•^ 


and 

When  the  interval  (0-a:)  is  not  large,  a:t?2^  is  a  close  approximation 
to  the  value  of  fv'  d  x ;  hence  the  following  appipximate  relations. 


TV        _^'      A/' 

^9lM  "T  •  T- 


2L' 


t>* 


dx  v'    * 


Let  us  first  seek  an  approximate  value  for  Lq  • 
It  is  obvious  that 

f^iy,,,dx=:f^iy,,,dx  +fl^'oisdx^f^  D',„dx. 

Assuming  each  term,  in  the  right-hand  member,  to  be  the  integral 
of  the  general  term  of  an  equidifferent  progression,  we  have 


Therefore, 
Since 


^•(M  D**.,  and  ly^rt  equal  respectively  98101, 154044,  and  179913. 
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Therefore, 
But 


r. 


D'.„dx=  635,152. 


T           PofS+/oD'o>rdx 
U  -  ^-i 

2,249,284  +  635,152  =  2,884,436 

■~  5t?« 

=  594,851. 

594,851,  the  computed  number  of  births  for  the  year  1840  by  this 
approximate  method,  is  less  by  about  three  fourths  of  one  per  cent 
than  599,418,  the  corresponding  number  of  births  computed  by  the 
previous  method. 

Having  found  an  approximate  value  for 

r*  .  j~  (or  Lo), 
a  X 

we  next  wish  approximate  values  for 

dx  ^    J  0     V*    ^ 
corresponding  to  intervals  of  age  0-  1,  0-3,  and  0-5. 
When  the  interval  ^  -  a  is  small. 


/*  d  Do,,               ,                   ,      Do/6   A/a  D«,&    * 

—^J-  nearly  equals r+a—    »  or  -^.» 


Hence  the  following  approximations : 

„»  ^'  =  :^'  =  104,306. 
dx        t* 

^*?^=^3^    55,804. 
dx         v^ 

vh^Jfl  =  £j^=    22,234. 
dx        V* 

.-.  t?l  ^-p  =  104.306. 
dx 

t?»^==  160,110. 
dx 

^i^=  182,344. 
dx 


*  This  approximation  was  adopted  bjr  Dr.  Farr  in  constructing  his  Aastrian 
Life-Table.  —  Rep.  Beg.  Gen. 


Hence 


i.- 
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fM  (which  = j-^^^y  =  X-'  1.9162709  =  .82465 


dx 


^^-)  =  x-: 


p,^  (which  =  —   ^_J  =  X-*1.8638226  =  .73084. 

Po,5  (which  =  —J:^  J  =  X-»T.8410233  =  .69346. 

Then  of  100,000  bora  alive  there  will  be  liviDg  at  ages 

(1)  82,456, 

(3)  73,084, 

(5)  69,346 ; 

or  assuming  the  number  living  at  age  five  to  be  69,916,  the  same  as 

in  accompanying  tables,  then  out  of  100,821  bora  alive  there  will  be 

living  at  ages  (1)  83,143, 

(3)  73,684, 

(5)  69,916. 

This  table,  joined  with  the  interpolated  for  ages  greater  than  five, 

gives  for  average  future   duration   of  life  36.51  years  from  birth, 

instead  of  36.66,  according  to  the  values  previously  obtained,  and 

adopted  in  the  interpolated  and  other  tables. 

If  we  substitute  562,394,  the  average  annual  number  returned  as 
bom  alive  in  Prussia  for  a  period  of  time  (1839,  '40,  '41)  of  which 
the  year  1840  was  the  middle,  for  594,851,  the  approximate  number 
just  computed,  we  shall  find 

Xpo,i  =  T.9109082  =  X  .81453, 
Xpo/8  =  r.8544920  =  X  .71531, 
Xpo/5  =  r.8298000  =  X  .67577 ; 
and  out  of  103,461  bora  alive  84^272  will  survive  one  year, 

74,006         "  three  years, 

69,916  "  five  years, 

and  the  average  future  duration   of  life  from   birth  will  appear  to 
have  been  35.61  years. 

A  general  interpolation  of  the  logarithms  of  the  proportions  surviv- 
ing each  anniversary  of  birth  intermediate  the  specified  ages,  gives 
the  following. 
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Pbussiak  Life-Table,  calculated  from  the  ages  of  those  dtiko  dueiito 
the  thbee  tears  1839,  '40,  '41  ',  and  from  the  ages  of  the  utdtg 
^computed  with  referekce  to  the  middle  of  the  tear  1840. 


Logarithms 

Dlflerenoes 

between 

ConBecuUve 

Pebsons 

Avenge 
Fatue 
DoiatSoB 

oflheProba- 

Dying 

of  the  Numbers 
Born,  and  LiviDg 

blUty^ateach 
Age,  of  Living 

Logarithms  of 
the  ProbabiUty 

Living  at 

daring  each 
Year  of 

'S.X 

Agei. 

at  each  Age. 

One  Tear. 

ofLiTing. 

each  Age. 

Age. 

Life. 

^^^-^^, 

^P.-^Ps^l 

^, 

^,-^,^1 

^s 

'P. 

-^^P, 

^. 

0 

5.001688 

.917080  —  1. 

—  51797 

100,389 

17,448 

36.66 

1 

4.918768 

.968877 

— 10576 

82,941 

5,736 

2 

4.887645 

.979453 

—   7597 

77,205 

3,568 

3 

4.867098 

.987050 

—   3378 

73,637 

2,163 

4 

4.854148 

.990428 

—    1854 

71,474 

1,558 

5 

4.844576 

.992282 

—    1678 

69,916 

1,232 

47X)6 

6 

4.836858 

.993960 

—    1241 

68,684 

948 

7 

4.830818 

.995201 

—     886 

67,736 

745 

8 

4.826019 

.996087 

—     601 

66,991 

601 

9 

4.822106 

.996688 

—     381 

66,390 

604 

10 

4.818794 

.997069 

—     210 

65,886 

443 

44.81 

11 

4.815863 

.997279 

—        84 

65,443 

409 

12 

4.813142 

.997363 

4 

65,034 

393 

13 

4.8105d5 

.997359 

63 

64,641 

392 

14 

4.807864 

.997296 

99 

64,249 

399 

15 

4.805160 

.997197 

120 

63,850 

411 

41.17 

16 

4.802357 

.997077 

121 

63,439 

425 

17 

4.799434 

.996956 

.      123 

63,014 

440 

18 

4.796390 

.996833 

114 

62,574 

455 

19 

4.793223 

.996719 

107 

62,119 

468 

20 

4.789942 

.996612 

101 

61,651 

479 

37.54 

21 

4.786554 

.996511 

95 

61,172 

489 

22 

4.783065 

.996416 

95 

60,683 

499 

23 

4.779481 

.996321 

100 

60,184 

608 

24 

4.775802 

.996221 

106 

59,676 

517 

25 

4.772023 

.996115 

118 

59,159 

527 

34.02 

26 

4.768138 

.995997 

121 

58,632 

538 

27 

4.764135 

.995876 

125 

58,094 

649 

28 

4.760011 

.995751 

128 

57,545 

560 

29 

4.755762 

.995623 

133 

56,985 

571 

30 

4.751385 

.995490 

137 

56,414 

583 

30.55 

31. 

4.746875 

.995353 

140 

55,831 

594 

32 

4.742228 

.995213 

144 

55,237 

606 

33 

4.737441 

.995069 

151 

54,631 

617 

34 

4.732510 

.994918 

153 

64,014 

628 

35 

4.727428 

.994765 

158 

53,386 

640 

27.14 

36 

4.722193 

.994607 

159 

52,746 

651 

37 

4.716800 

.994448 

161 

52,095 

661 

38 

4.711248 

.994287 

165 

51,434 

673 

39 

4.705535 

.994122 

171 

50,761 

682 

40 

4.699657 

.993951 

185 

60,079 

693 

23.76 

41 

4.693608 

.993766 

204 

49,386 

703 

42 

4.687374 

.993562 

230 

48,683 

717 

43 

4.680936 

.993332 

258 

47,966 

731 

44 

4.674268 

.993074 

291 

47,235 

747 

45 

4.667342 

.992783 

323 

46,488 

766 

20.40 

46 

4.660125 

.992460 

352 

45,722 

787 

47 

4.652585 

.992108 

391 

44,935 

809 

48 

4.644693 

.991717 

438 

44,126 

834 

49 

4.636410 

.991279 

498 

43,292 

860 

50 

4.627689 

.990781—1. 

570 

42,432 

892 

17.11 
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LOOAEITHMS 

Diflerences 
between 

ConMcatlTe 
Logarithmt  of 
the  Probability 

PERSORS 

^TJ?** 

Of  the  Numbers 
Born,  mod  Uring 

Of  the  Proba- 
bility, at  each 
Age,ofUTlng 

Bom,  and 
LiTingat 

Year  of 

Future 
Duration 
(or  SxpeP- 

taUon)of 

Afei. 

«(  each  Age. 

One  Tear. 

ofUTing. 

each  Age. 

Age. 

Life. 

^^- 

^^^r-^^r 

L 

* 

^,-^^, 

^S 

'Ps 

-JXp^ 

"A 

51 

4.618470 

.990211-1. 

651 

41,540 

925 

5S 

4.608681 

.989560 

745 

40,615 

965 

53 

4.598241 

.988815 

851 

39,650 

1,008 

54 

4.587056 

.987964 

970 

38,642 

1,057 

55 

4.575020 

.986994 

1101 

37,585 

1,108 

13.98 

56 

4.562014 

.985893 

1307 

36,477 

1,166 

57 

4.547907 

.984586 

1491 

35,311 

1,231 

58 

4.532493 

.983095 

1657 

34,080 

1,302 

59 

4.515588 

.981438 

1803 

32,778 

1,371 

60 

4.497026 

.979635 

1934 

31,407 

1,439 

11.22 

61 

4.476661 

.977701 

2042 

29,968 

1,500 

62 

4.454362 

.975659 

2137 

28,468 

1,551 

63 

4.430021 

.973522 

2215 

26,917 

1,592 

64 

4.403543 

.971307 

2275 

25,325 

1,619 

65 

4.374850 

.969032 

2323 

23,706 

1,632 

9.03 

66 

4.343882 

.966709 

2330 

22,074 

1,629 

67 

4;}10591 

.964379 

2337 

20,445 

1,610 

68 

4.274970 

.962042 

2345 

18,835 

1,576 

69 

4.237012 

.959697 

2351 

17,259 

1,530 

70 

4.196709 

.957346 

2360 

15,729 

1,471 

7.36 

71 

4.154055 

.954986 

2367 

14,258 

1,404 

72 

4.109041 

.952619 

•2414 

12,854 

1,328 

73 

4.061660 

.950205 

2828 

11,526 

1,249 

74 

4.011865 

.947377 

2988 

10,277 

1,173 

75 

3.959242 

.944389 

3157 

9,104 

1,094 

5.97 

76 

3.903631 

.941232 

3338 

8,010 

1,014 

77 

3.844863 

.937894 

3527 

6,996 

932 

78 

3.782757 

.934367 

3726 

6,064 

851 

79 

3.717124 

.930641 

3939 

5,213 

769 

80 

3.647765 

.926702 

4162 

4,444 

690 

4.80 

81 

3.574467 

.922540 

4399 

3,754 

613 

82 

3.497007 

.918141 

4648 

3,141 

540 

83 

3.415148 

.913493 

4913 

2,601 

470 

84 

3.328641 

.908580 

5191 

2,131 

404 

85 

3.237221 

.903389 

5485 

1,727 

345 

3.82 

86 

3.140610 

.897904 

6799 

1,382 

289 

87 

3.038514 

.892105 

6126 

1,093 

241 

88 

2.930619 

.885979 

6475 

852 

196 

89 

2.816598 

.879504 

6842 

656 

159 

90 

2.696102 

.872662 

7231 

497 

127 

3.02 

91 

2.568764 

.865431 

7641 

370 

98 

92 

2.434195 

.857790 

8076 

272 

76 

93 

2.291985 

.849714 

8534 

196 

57 

94 

2.141699 

.841180 

9019 

139 

43 

95 

1.982879 

.832161 

9530 

96 

31 

96 

1.815040 

.822631 

10072 

65 

22 

97 

1.637671 

.812559 

10644 

43 

15 

98 

1.450230 

^01915 

111M8 

28 

10 

99 

1  252145 

.790667 

11887 

18 

7 

100 

1.042812 

.778780 

12562 

11 

4.4 

101 

0.821592 

.766218 

13275 

6.6 

2.7 

102 

0.587810 

.752943 

14029 

3.9 

1.7 

103 

0JJ40753 

.738914 

14826 

2.2 

1.0 

104 

0.079667 

.724088  —  1. 

1.2 

.6 

105 

1.803755 

.6 

.6 
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The  leading  features  in  the  interpolated  Life-Table  for  Prussia 
are  two. 

1st.  Strict  conformity  at  certain  points  to  values  calculated  from 
actual  data. 

2d.  Regularity  in  the  graduation. 

It  will  be  observed  that  the  logarithms  of  the  proportions  bom  alive 
and  surviving  ages  1,  3,  5,  14,  25,  35,  45,  55,  65,  75,  and  85,  as 
calculated  from  actual  data,  are  identical  with  those  in  the  interpolated 
table.  More  frequent  coincidence  would  fail,  for  certain  intervals  of 
age,  to  secure  the  desired  regularity. 

From  these  values  we  find,  by  inspection,  that  the  logarithms  of 
the  reciprocals  of  the  probabilities  of  surviving  equal  consecutive  in- 
tervals of  age  diminish  from  birth,  until  they  attain  a  minimum  between 
ages  5  and  25  (near  age  14),  then  gradually  increase  for  subsequent 
intervals. 

In  effecting  the  interpolation,  we  sought  to  arrive  only  at  results 
that,  coinciding  at  the  ages  above  specified  with  those  derived  from 
the  actual  data,  should  represent  the  logarithms  of  the  reciprocals  of 
the  probabilities  of  surviving  consecutive  annual  intervals  of  age  as 
diminishing  from  birth  to  a  minimum  at  some  point  between  ages 
5  and  25,  then  gradually  increasing  for  subsequent  intervals  of  age ; 
and  that  the  differences  between  these  logarithms  should  also  advance 
without  manifest  irregularity,  increasing  from,  at  latest,  age  25  to 
extreme  old  age. 

Two  distinct  functions  of  interpolation  were  employed. 

1st.  The  exponential. 

For  X  Ir, ,  write  ^,. 

q"" 1 

in  which  <^a  >  <^6 »  4^c  ^e  known  values  of  the  function  ^, ,  correspond- 
ing to  ages  a,  h,  and  c.  ^  is  to  be  determined.  If  the  terms  be 
equidistant^  that  is,  if  c  —  b  =z  b  —  a, 

^-«  _  i>c  —  <l>i 
and 

(0c  —  9b)  —  {<l>b  —  <l>a) 

If  the  terms  be  not  equidistant,  the  determining  of  q  will  involve 
the  solution  of  quadratic  or  higher  equations. 
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2d.  The  algebraic. 

*'=*•?;  +  **§ +*'%+*'& +  ^°'' 

in  which 

n,  =  x  —  a  .  X  —  h  .  X  —  c  ,  X  —  d , 

and 

^'"i^^iTi'  ^'-^::r3'  ^--i^"^'  ^'-i_-S» > 


Q  may  be  zero,  or  an  arbitrary  constant  real  and  finite,  or  a  real 
fanction  inTolving  only  integral  powers  of  the  variable,  and  which 
caDDot  cause  the  term  ( Q  n,)  to  become  infinite  or  indeterminate  for 
any  value  of  the  variable  within  the  limits  assigned  for  interpolation, 
or  between  those  corresponding  to  the  extreme  given  values  of  the 
function. 

^j^-,  Ag   r  obviously  becomes  unity^  and  terms  indepen- 

'  A^  \     dent  of  this  factor  vanish. 

h  Ef.  «  "  " 

n 

-      ;  4(  41  U 

'C. 

Another  convenient  function  for  interpolation  when  three  terms  are 
given,  but  which  was  not  employed  in  framing  the  present  table,  is 
the  general  parabolic. 


b  which 


b  —  a 

The  exponential  involves  but  three  known  values  of  the  function. 

The  number  of  known  values  that  may  enter  into  the  interpolation 
by  the  algebraic  is  unlimited  ;  but,  without  care,  the  resulting  series 
will  often  be  quite  eccentric. 

Given,  logarithms  of  the  proportions  bom  alive,  and  surviving  ages 
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1,  3,  5,  14,  25,  35,  45,  55,  65,  75,  and  85;  required  (XL,)  Ae 
logarithms  of  the  proportions  surviving  each  intermediate  anniversary 
of  birth. 

By  the  exponential  formula  values  between  ages 

25  and  38]  __    ___♦•  ^,      •  ,        ^  .  a    t^^      f  25,  35,  and  45. 
.  ,^\  ^®^    respectively    mterpolated    from         *      ' 

35  and  48         ,  ^   ,  c  .x.     r      .-       r     \  35, 45,  and  55, 

.  ^r.r      known  values  of  the  funcUon  for  h^  *'•'»•*  i 
45  and  58  f      «_„  I  45,  55,  and  65. 

ages       .         .  ,         ,         ,         •  I 
55  and  68  J         ^  [  55,  65,  and  75. 

Values  from  73  to  age  105,  inclusive,  were  interpolated  from  known 

values  of  the  function  for  ages  65,  75,  and  85. 

By  the  above  it  appears  that  duplicate  values  were  obtained  at  ages 

36  and  37,  46  and  47,  56  and  57. 

The  results  deduced  from  these  interpolations  conform  strictly  to  the 
conditions  imposed,  except  near  the  joining  points  of  the  several  series, 
where  appear  irregularities  in  the  first  and  second  orders  of  differences. 
These  manifest  irregularities  were  then  corrected  for  the  several  in- 
tervals, by  adding  to  the  result  at  each  of  the  several  ages  the  corre- 
sponding value  of  A,,  derived  from  the  simple  algebraic  function 

X  —  a,x  —  h,x  —  c.x — h   , 
A    =  A- =; r  -4- 

X  —  a  .  X  —  h  ,  X  —  c.x  —  g 
*A  —  a  .  h  —  h  ,h  —  c.A  —  g* 

In  applying  the  correction  to  ages  between  35  and  48,  a,  ft,  c,  g^ 
and  h  equalled  respectively  35,  45,  55,  36,  and  37.  A^  and  A37  were 
the  differences  between  the  duplicate  values  for  ages  36  and  37. 
The  difference  was  positive  when  the  one  of  the  duplicate  values 
first  obtained  was  the  greater. 

In  correcting  between  ages  45  and  58,  a,  5,  c,  g^  and  h  equal  re- 
spectively 45,  55,  65, 46,  and  47,  and  ^  and  A47  were  the  differences 
respectively  between  the  X  L^  and  X  La  just  corrected,  and  the  corre- 
sponding results  derived  by  the  exponential  formula  from  values  for 
ages  45,  55,  and  65. 

By  a  similar  process  the  correction  was  made  for  values  between 
ages  55  and  68. 

A  slight  irregularity  still  existing  in  the  second  differences  (the 
first  differences  from  the  logarithms  of  the  probability  of  living)  near 
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the  joioing  of  the  series  about  age  36,  another  correction  was  made  to 
the  values  between  ages  37  and  45,  viz. : 

a?  —  35. a?—  36. «  —  37. ar  —  45. a:  —  46. a?  —  47 


34  —  35.34  —  36.34  —  37.34  —  45.34—46.34  —  47 

The  values  for  A^,  being  the  difference  between  the  first  of  the 
duplicate  X  i^  and  the  corrected  second  of  the  duplicates.  A,  is 
additive,  if  the  first  of  the  duplicate  values  for  X  I,,|  is  the  greater. 

The  values  between  ages  67  and  73,  inclusive,  were  computed  from 
the  knovni  values  at  ages  65,  66,  67,  and  73,  by  assuming  the  third 
order  of  differences  constant 

\Ln  =  XL«+8a  +  28A,  +  56a,. 

A  and  A,  were  derived  from  the  original  value  forxL^y  and  from 
the  corrected  values  for  X  L^  and  X  Ler.  A,  was  then  readily  found, 
and  consequently  the  values  required  between  ages  67  and  73.  A 
modification  of  the  method  here  indicated  might  have  been  applied 
with  advantage  to  the  correction  of  irregularities  near  the  points  of 
junction  in  other  parts  of  the  table. 

From  the  given  values  of  X  L,  for  ages  3,  5,  14,  25,  35,  together 
with  the  values  of  X  L,  for  ages  26  and  27,  computed  as  above,  the 
unknown  values  between  ages  5  and  26  were  interpolated  by  the 
algebraic  formula 

c^^'4.ci^^' 
The  forms  of  the  functions  A,  J?,  C,  &c.  have  been  previously  given. 
From  X  Iri ,  X  L3 ,  and  X  Lj  values  were  deduced  by  the  exponential 

formula  for  X  L,  (=  4.887645)  and  X  X,  (=  4.854456). 
By  the  same  formula,  from  X  Ls,  X  X5,  and  the  computed  value  for 

XL,  was  deduced  a  duplicate  value  for  xA  (=  4.853532).     From 

comparison  of  the  duplicate  values  for  X-Lo  giving  to  the   former 

double  weight,  we  obtain  4.854148. 
We  remark  that  the  desired  regularity  in  the  graduation,  for  the 

greater  part  of  the  table,  was  attained  by  making  identical  three  or 

more  consecutive  values  of  adjoining  series. 
It  will  be  observed  that  the  interpolated  results  represent  mortality 
7» 
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diminishing  from  birth,  until  attaining  a  minimum  about  age  12,  then 
increasing  gradually  to  age  105,  the  assumed  terminating  age  of  the 
table.  Also,  that  the  values  in  the  column  of  difierences  headed 
—  AXpx  gradually  increase  through  the  greater  part  of  the  entire 
table,  diminishing,  however,  between  ages  17  and  22.  A  curve,  to 
which  the  intervals  of  age  and  corresponding  intensities  of  mortality 
are  co-ordinates,  will  be  concave  downwards  through  the  space  where 
these  differences  diminish,  if  elsewhere  concave  upwards.  The  attain- 
ment of  regularity  at  joining  points  in  the  order  of  diflferences  next 
higher,  was  deemed  unimportant.  For  the  accuracy  with  which  much 
of  the  arithmetical  computation  has  been  performed,  in  the  preparation 
of  this  and  certain  other  tables  following,  credit  is  due  to  Mr.  Howard 
D.  Marshall,  of  Boston.* 

Life-Tables,  advancing,  by  regular  gradations,  from  birth  to  extreme 
old  age,  and  conforming  strictly  at  convenient  intervals  to  values  de- 
rived from  original  data,  are  uncommon. 

The  graduation  of  the  older  tables  was  very  imperfect  The  Car- 
lisle gives  the  annual  rate  of  mortality  at  age  20  greater  than  at  23 ; 
at  31,  greater  than  at  34 ;  at  46  greater  than  at  51 ;  at  88  greater  than 
at  89  ;  and  at  91  the  same  as  at  101.  Mr.  Milne's  excellent  table  for 
Sweden  and  Finland,  (1801-5,)  though  less  faulty,  is  still  irregular; 
so.  also  those  of  De  Parcieux,  Kersseboom,  Finlaison,  and  others. 

The  valuable  and  elaborate  English  Life-Tables  prepared  by  Dr. 
Farr,  and  published  in  the  Reports  of  the  Registrar-General  (Eng- 
land), and  also  the  one  prepared  by  a  committee  of  eminent  actuaries 
to  represent  a  law  of  mortality  according  to  the  combined  experience 
of  Insurance  Companies,  as  published  by  Mr.  Jenkin  Jones,  vary  the 
results  derived  from  actual  data,  to  conform  to  assumed  laws.  The 
graduation  of  the  Actuaries'  Table  is  unexceptionable  ;  that  of  the 
tables  of  Dr.  Farr  nearly  so. 

The  important  tables  presented  by  Mr.  E.  J.  Farren,  in  his  instruc- 
tive treatise  entitled,  "  Life  Contingency  Tables,  Part  I.,"  begin 
with  age  21,  and  conform  strictly  at  decennial  points  to  values  derived 
from  actual  data.  The  function  of  interpolation  adopted  by  hint  was 
the  Calculus  of  Finite  Differences,  so  far  as  possible  ;  assuming,  how- 
ever, the  intensity  of  mortality  to  advance  by  a  constant  ratio,  when, 
either  from  paucity  of  data  or  other  sufficient  cause,  the  Calculus  of 

*  Mr.  Marshall  has  deceased  since  this  paper  was  prepared,  and  in  press. 
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Finite  Differences  was  inapplicable.     The  results  attained  are  entire- 
ly regular. 

Many  writers  on  this  subject  have  felt  it  desirable  that  some 
simple  generic  law  be  discovered,  which,  by  suitable  changes  in  the 
constants,  will  approximate  the  specific  laws  of  human  mortality  indi- 
cated by  known  tables.  Among  the  more  philosophical  conceptions 
is  the  one  of  Mr.  Gompertz  (Philosophical  Transactions,  1825),  that 
for  the  greater  part  of  life  man  momentarily  loses  "  equal  proportions 
of  his  remaining  power  to  oppose  destruction " ;  and  consequently, 
that  the  intensity  of  mortality  increases  with  advancing  age  by  a  con- 
stant ratio.  Mr.  Edmonds  would  have  "  the  force  of  mortality  at  all 
ages"  "expressible  by  the  terms  of  three  geometric  series,  so  con- 
nected that  the  last  term  of  one  series  is  the  first  of  the  succeeding 
series."  Dr.  Farr  recognized  the  principle  in  framing  his  English 
Tables  for  1841 ;  treating  "  the  two  series  of  numbers  representing 
the  mortality  from  15  to  55,  and  from  55  to  95,  as  geometrical  pro- 
gressions. The  ratios  were  derived  from  a  comparison  of  the  increase 
in  the  mortality  at  15-20,  25-30,  35-40,  &c. ;  and  the  increase  at 
20-25,  30-35,  40-45,  &c. ;  and  the  first  terms  were  derived  from 
these  ratios,  and  the  sums  of  the  series  which  they  formed." 

Mr.  Orchard's  method,  as  described  by  Mr.  Gray  in  the  Assurance 
Magazine,  (London,)  for  July,  1856,  was  the  adoption  of  '^  two  con- 
secutive series,  having  constant  second  differences,"  to  represent  the 
proportions  living  from  age  20  to  80  and  from  80  to  96,  the  ter- 
minating age  of  his  table.  He  wished  '^  to  find  a  simple  algebraical 
relation  which  should  passably  well  represent  some  of  our  best  tables." 
The  advantage  claimed  for  a  table  so  constituted  ^^  is,  that  it  admits, 
by  the  application  of  simple  analytical  processes,  of  the  independent 
formation  of  any  of  the  values  which  ordinarily  require  the  aid  of  a 
formidable  array  of  the  results  of  previous  computation."  The  same 
paper  gives  a  single  algebraical  function  of  the  second  degree  pro- 
posed by  Mr.  Babbage,  which  is  said  to  represent,  nearly,  the  Swedish 
Table  of  Mortality. 

Other  methods  have  been  proposed  by  mathematicians  of  estab- 
lished reputation.* 


*  A  Talnable  contribution  to  this  department  of  the  science  of  Vital  Statistics 
▼S6  read  before  the  American  Association,  at  its  late  meeting,  by  President  McCaj 
of  8<mth  Carolina. 
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The  intensity  of  mortality  at  age  %  (when  deaths  are  uniformly  dis- 
tributed) being  the  middle  term  (  — = — *  j  of  a  series  of  reciprocals 

of  an  arithmetical  progression,  is  less  by  a  small  proportion  than  the 
average  value  of  the  terms  constituting  the  series ;  hence  (m^^  the 
rate  of  annual  mortality  for  the  interval  of  age  h  —  a  is  somewhat 

Itii  (in  the  case  of  such  uniform  distribution)  than  f   /    m^i,  .  dzj 

the  integral  rate  of  mortality  for  the  interval,  or  than  its  equivalent 
( — Xj?a,i),  the  Napierian  logarithm,  with  the  sign  changed,  of  the 

probability  that  one  living  at  the  earlier  age  (a)  will  attain  the  later 
age  (ft). 

To  convert  the  Napierian  to  the  common  logarithm,  we  multiply  by 
/t  (=  .4342945),  the  modulus  of  the  common  system. 

PRUSSIA.    1839,  '40,  '41. 
Table  comparino  Looarithms  op  Probabilitibs  of  Surviviho,  comput- 


£D  BT 

diffbrbnt  Methods. 

Ag^ 
a,  6. 

RaUoof 

Deaths  to 

PopulaUon. 

MOETALITT. 

Common  Logarithm,  with  changed  Sign,  of  Um  ProbabiU^  that  one  lir- 
ing  at  the  Earlier  Age  in  each  Interral  wiU  attain  the  Later. 

IirriGEAL. 

Appeozdutb. 

HI 

each 

ftrom  three 

consecutiTe 

Ratios. 

1-hm    ^ 

_(6_a)2 

1+1 

-(6-a)^.« 

A 
.0802238 

B 

C 

D 
.174297 

E 

0-   5 

.157112* 

.176598 

.174204 

5-   7 

.01.^2056 

.013155 

.013208 

.018208 

.013208 

7-14 

.0077790 

.023557 

.023655 

.023649 

.023649 

14-20 

.0062978 

.016416 

.016418 

.016411 

.016411 

20-25 

.0089397 

.019425 

.019416 

.019412 

.019412 

25-30 

.0096939 

X)21058 

.021054 

.021050 

.021050 

80-35 

.0108317 

.023537 

.023527 

.023521 

.023521 

85-40 

.0131780 

.028637 

.028626 

.028616  ' 

.028616 

40-45 

.0144675 

.031449 

.03U80 

.031416 

.031416 

45-55 

.0210345 

.092322 

.091691 

.091355 

.091352 

65-60 

.0357042 

.077981 

.077738 

.077589 

.077581 

60-65 

.0557995 

.122189 

.121962 

.121199 

.121167 

65-75 

.0909134 

.415608 

.425992 

.395105 

.894832 

75-85 

.1515098 

.722021 

.860283 

.659260 

.657999 

85  and ) 
upw*ds  \ 

.2661784 

1.162896 

1.155998 

♦  This  value  was  calculated  by  a  process  described  in  the  preceding  paper,  from 
popalation  under  age  5 ;  fVom  deaths  for  the  intervals  of  age  0-1,1-3,  and  8  -  5 ; 
and  from  the  rate  of  annual  increase  of  births  estimated  from  registered  births  for 
the  six  ye.irs  1836  -  41. 
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Table  compasino  Looarithims  of  Probabilitibs  of  Suryitiko,  cox- 
futed  bt  diffbbbht  icbth0d8. 

Deaths  {Seven  Yean)  1838-44. 
PopuUttion  computed  to  Middle  ^1841. 

Ninth  Bep.  Reg.-Gen.,  pp.  176, 177. 


" 

BAdooT 
DMthsto 
Popalatioo. 

MoBTAurr. 

Common  Logarithm,  with  changed  Sign,  of  the  ProbabUitj  that  one  llTing 
at  the  Bartler  Age  in  each  Interral  wiU  attain  the  Later. 

1 

IXTMEAL. 

AppmoxDCAn. 

^Xp 

1  —  m  -  -^ 

.1               ^ 

-(6-a)^.in 

eachfrcm 
tuweon- 
•eentlTe 
Batftoa. 

Mean  of 

the 
DnpUeate 
Yahui. 

10-   1 

l  +  i-i^" 
C 

-(6-a)l^^^ 

A 

B 

D 

E 

.1792379 

^„,e5  1.073073- 

.078052 

.078052 

.077842 

1-2  i)654971 

i)28133 
.028379 

X)28256 

.028455 

.028455 

.028445 

2-3  X)351076 

.015206 
.015235 

.015220 

.015249 

.015249 

.015247 

3-  4 

i)250056 

.010850 
.010854 

.010852 

.010860 

.010860 

.010860 

4-  S 

X)184203 

.007995 
.007998 

.007997 

.008000 

.008000 

.008000 

5-10 

Smi272 

X)19686 
.019789 

.019738 

.019823 

.019820 

.019819 

10-15 

.0052572 

X>US97 
mU25 

.011411 

.011417 

.011416 

.011416 

15-25 

X)081967 

.035723 
.035643 

.035683 

.035618 

.035598 

.035598 

25-35 

.0098929 

.043033 
.043045 

.043039 

.042999 

.042966 

.042964 

85-45 

.0124582 

.054239 
.054261 

.054250 

.054176 

.054105 

.054105 

45-55 

.0165886 

.072341 
.072636 

.072489 

.072209 

.072044 

.072043 

55-65 

X)2#5429 

.130216 
.130452 

.130334 

.129249 

.128313 

.128303 

«5-75|  .0622301 

.283777 
.278012 

.280895 

.279528 

.270349 

.270262 

75-85 

.1374474 

.718169 
.649789 

.683979 

.731961 

.597869 

.596926 

85-95  .2842092 

1.127822 

1.242716 

1.234305 

55-+  4146003 

1.827064 

1.800586 

*  This  Talae  was  derived  from  the  registered  birUis  for  the  eleven  years  1839  -  49, 
and  from  the  registered  deaths  nnder  one  year  of  age  for  the  ten  years  1840-49. 
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In  each  of  the  preceding  Tahles,  column  A  gives  rates  of  annual 
MORTALITY  for  the  several  specified  intervals  of  age,  or  ratios  of  the 
average  numbers  annually  dying  in  the  community  within  the  speci- 
fied intervals  to  the  numbers  living  within  the  same  intervals,  estimated 
with  reference  to  the  middle  of  the  year  or  period  in  which  the  deaths 
occurred. 

Column  B  with  changed  signs  gives  the  common  logarithms  of  the 
probabilities  of  surviving  the  specified  intervals,  each  computed  from 
THREE  consecutive  ratios  in  the  column  of  mortality  by  a  process  de- 
scribed in  the  preceding  paper.  These  values,  which  we  designate 
integral  values,  may  be  assumed  without  appreciable  error  to  represent 
truly  the  results  demanded  by  actual  data,  and  with  them  may  be  com- 
pared approximate  values  obtained  by  simpler  processes. 

The  approximate  values  in  the  columns  C,  Dy  ^d  £  were  each 
derived  from  single  ratios  in  A. 

The  values  in  C  were  each  obtained  by  first  multiplying  (m)  the 

annual  rate  of  mortality  by  (  \  half  the  number  of  years  in  the 

interval  of  age ;  then  finding  the  logarithm,  with  changed  sign,  of 
the  quotient  of  unity  less  this  product  divided  by  unity  plus  this 
product. 

The  values  in  D  were  each  found  by  multiplying  the  number  of 
years  in  the  respective  interval  by  the  logarithm,  with  changed  sign, 
of  the  quotient  of  unity  less  half  the  rate  of  mortality  divided  by  unity 
plus  half  the  rate. 

The  values  in  -B  were  each  found  by  multiplying  the  mortality  by 
.4342945  (/i),  the  modulus  of  the  common  system  of  logarithms,  and 
by  {h  —  a)  the  number  of  years  in  the  respective  interval  of  age. 

Whenever  the  decrements  in  the  Life-Table  resulting  from  the  origi- 
nal data  are  constant,  the  corresponding  result  in  C  reprints  the 
logarithm,  with  changed  sign,  of  the  probability  of  surviving  the  entire 
interval ;  that  in  D  represents  the  product  of  {h  —  a)  the  number  of 
years  in  the  interval,  multiplied  by  the  logarithm,  with  changed  sign,  of 
the  probability  of  surviving  the  middle  year  of  the  interval ;  and  that 

in  E  the  product  of  i— —  j  the  number  of  equal  moments  in  the  in- 
terval, multiplied  by  the  logarithm,  with  changed  sign,  of  the  proba- 
bility of  surviving  a  moment  of  time  at  the  middle  of  the  interval. 
Whenever  the  decrements  in  the  Life-Table  are  increasing^  the  above 
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results  are  each  less  than  the  respective  logarithm  ;  and  when  de- 
creasing^ greater. 

The  results  in  E  should  in  all  cases  be  somewhat  less  than  those  in 
D,  although  generally  the  approximation  is  so  close  that  values  in  E 
may  without  appreciable  error  be  substituted  for  those  in  C. 

The  results  in  D  are  likewise  less  than  corresponding  ones  in  C. 

The  results  in  C  are  less  than  the  integral  values  in  B,  whenever 
the  decrements  between  the  proportions  surviving  at  equidistant  ages 
in  the  Life-Table,  derived  from  actual  data,  form  a  series  increasing 
with  the  age  ;  they  are  equal  to  them,  when  the  series  is  uniform,  and 
greater  than  truth  when  the  series  diminishes.  By  reference  to  the 
Prussian  Table  interpolated  for  annual  intervals,  we  observe  that  the 
decrements  diminish  from  birth  to  age  13 ;  increase  thence  to  age  65 ; 
and  again  diminfth  to  the  age  terminating  the  Table. 

The  process  for  deducing  values  in  i}  is  identical  with  that  adopted 
by  Dr.  Farr,*  in  briefly  calculating  approximate  Life-Tables.  After 
determining  from  values  so  obtained  the  proportions  of  the  living  at 
certain  ages,  he  assumed  that  the  proportions  within  the  several  inter- 
vals were  series  in  arithmetical  progression.!  It  is  not  unusual,  in 
framing  Life-Tables  from  population  and  mortality  statistics,  to  let 

,—7—?^-  -  equal  the  probability  of  surviving  the  middle  year  of  a  given 

interval,  then,  assuming  some  law  of  relation,  to  determine  values 
for  intermediate  ages.  Results  so  deduced  will  commonly  represent 
the  probability  of  living  for  a  large  part  of  life  somewhat  greater 
than  truth  demands. 


C.     PSOCBSS     FOft     DEDUCING     ACCUBATE     AVEBAOE     DURATION     OF     LiFE, 

FsEBBNT  Value  of  Life-Annuities,  and  other  useful  Tables  in- 
YOLviNO  Life-Contingencies,  from  Hetubns  of  Population  and 
Deaths,  without  the  Intebvention  of  a  Genebal  Intebpolation. 

The  logarithms  of  the  proportions  surviving  at  certain  ages  (X  L^) 
are  obtained,  by  successively  adding  to  the  logarithm  of  a  number  as- 

*  To  this  distinguished  writer  the  science  of  rital  statistics  is  largely  indebted 
for  Taloable,  extensive,  and  varied  contribations. 
t  Fifth Bcport  Reg-Gen.  Eng.,  p.  362. 
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sumed  liviog  at  birth,  or  other  specified  age,  the  logarithms  of  the 
probabilities  of  surviving  subsequent  intervals.  Processes  for  accu- 
rately and  for  approximately  determining  the  logarithms  of  the  prob- 
abilities of  surviving  have  been  indicated  in  the  previous  papers. 

Average  future  duration  (or  expectation)  of  life  (£.)  expressed  in 
years  for  any  age  (x)  may  be  obtained  by  multiplying  by  the  differ- 
ential  of  the  age  {d  x)  the  integral  of  the  proportions  surviving  within 

the  limits  of  the  given  age  and  of  the  greatest  tabular  age  ij^    LX 
and  dividing  the  product  by  the  proportions  living  at  the  given  age. 
That  is, 


JE,= 


dx/,    L, 


in  which  105  is  assumed  the  greatest  tabular  age.   * 

A  close  approximation  to  this  value  may  be  found  by  dividing 
(Yjs  i'x  =  !»«  +  L^+i  +  . . . .  Lios)  the  sum  of  the  proportions  liv- 
ing at  the  given  age  and  at  each  subsequent  anniversary  by  (L,)  the 
proportions  living  at  the  given  age,  and  from  the  quotient  deducting 
the  half  of  unity  ;  that  is, 

E,=  ^^^  —i,  nearly. 

The  latter  is  the  more  common  process. 

The  formula  expressing  the  value  of  a  life-annuity,  or  the  present 
value  of  one  dollar  payable  at  the  end  of  each  year  during  the  re- 
mainder of  the  life  of  the  annuitant  after  attaining  a  given  age,  is 

in  which  v  is  the  present  value  of  one  dollar  due  one  year  hence  at 
a  given  rate  of  interest 

This  expression  may  readily  be  converted  into  the  well-known 
symmetrical  form 

which  equals 
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—  i. —  —  !• 

Given  (Z^ ,  Li ,  Ls ,  d;^)  the  proportions  bom,  and  surviving  ages 
1, 3,  5,  14,  25,  35,  45,  55,  65,  75,  and  85,  according  to  the  law  of 
mortality  prevailing  in  Prussia ;  required  corresponding  average  future 
duration  of  life,  life-annuities,  and  premiums  annual  and  single. 

/•IDS  VI  *^ 

In  order  to  determine  values  for /^  L,  and  2j  L,  ©•,  some  law 
of  relation  must  be  supposed  to  exist  between  the  known  values  of 
each  of  the  functions  L,  and  L«  V ;  and  this  law  obviously  should 
represent  numbers  diminishing  with  advancing  age. 

The  law  may  either  be  expressed  by  a  single  formula  (as,  for  in- 
stance, the  algebraic  of  the  eleventh  order),  or  by  a  series  of  distinct 
formuls.  In  consequence  of  the  very  great  arithmetical  labor  in- 
volved in  its  practical  application,  it  will  not  oAen  be  thought  desirable 
to  adopt  a  single  formula. 

When  the  known  values  are  equidistant^  n  being  the  number  of 
years  in  each  interval,  let 

and 

then  will 

and 

Formulae  which  express  laws  of  relation  supposed  to  exist  between 
four  given  values  we  style  four-point  formula;  and  so  for  any  other 
number  of  given  values. 

The  solution  of  the  four-point  algehraic  equation 

in  which  a,  iS,  y,  d  are  unknown,  and  independent  of  the  variable  (a?), 
may  assume  several  forms ;  one  of  the  more  convenient  of  which 
for  our  present  purpose  is 

X  —  d 


0  —  c  c 


in  which 


r  4- a?  —  o*x  —  c<  >! 
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CC-B       B-Al      1 

and  il,  a,  B,  i^,  C,  c,  i},  (f,  are  known  corresponding  values  of  the 
co-ordinates  X^  x. 
Then  will 


d  —  yb  +  e 


2 

in  which  H  is  substituted  for 


a  —  a 
AIsOj 

C  — J? 


?-  +  ^,x  =  '-^ia+B  +  {i-^,)m. 


2 

If  the  terms  he  equidistant,  that  is,  if 

d  —  c  =  c  —  h  =^  h  —  a, 
JET  becomes 


C+B—D+A 

12 
Then 


and 

The  three-point  exponential  formula 

a,  i3,  and  y  being  unknown,  and  independent  of  the  variable  a?,  may 
take  the  form 
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X=A  +  {B-A)l-^, 


in  which 


g*— —  1' 


g— —  1  _  C  —  A 
fl»-— l"  B  —  A* 


whence  may  be  determined  the  value  of  q. 
-'  1 


dx 


BZrA^T^a\A—^-^A^\ 


Q  is  the  Napierian  logarithm  of  q. 

When  the  terms  are  equidistant,  i.  e.  c  —  J  =  6  —  a. 


S    C- 


+«-=^s^-^,i 


-(§^f)'---> 


Q 


and 


J?  — il 


b 

— 

a.^ 

X 

c 

—  B 

—  A 

» 

B  — 

A* 

^— _i-  c  — B  — 5  — ^* 

/t  is  (.4342945)  the  modulus  of  the  common  system  of  logarithms. 

When  the  terms  are  not  equidistant,  the  application  of  the  expo- 
nential function  involves  the  resolution  of  equations  of  higher  than  the 
first  degree. 

The  thru-point  paraholic  formula 

may  become 

in  which 

,  C  —  A  ,  c  —  a 


q+  1=     B  —  A.b  —  a 
c  —  a 
b  —  a 
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Then  will 


d  xj    X  =  b  —  a  il  + 


h  —  a.B  —  A 


q  +  i 

and 


dx 


c  —  a.C—A       h  —  a.B  —  A 


The^nt/e  integral  of  {x  —  a)'  advances  in  the  form  of  a  series^  no 
application  of  which  has  been  made  in  the  illustrations  which  follow. 

Of  the  functions  above  enumerated,  the  algebraic  will  commonly 
prove  the  most  simple  in  practice,  but  will  not  in  all  cases  satisfy 
the  conditions  required.  When  assumed  to  express  the  law  of  relation 
between  certain  known  values  of  the  function  L,  or  L,  r' ,  a  portion 
of  the  resulting  series  of  numbers  between  the  known  values  may 
increase  with  advancing  age,  rather  than  diminish. 

The  values  between  B  and  C,  derived  from  the  algebraic  formula 
assigning  a  law  of  relation  between  the  four  known  values  A^  B, 
C,  and  D,  lie  hetioeen  corresponding  duplicate  values  derived  from 
two  algebraic  formulae,  one  a  function  of  the  three  known  values 
il,  B,  and  C,  and  the  other  of  the  three  values  B,  C,  and  D,  When 
the  relations  of  the  known  values  to  each  other  are  such  that  the 
series  resulting  from  each  of  the  latter  formulee  diminish  continuously 
with  advancing  age  from  il  to  C  and  from  B  to  D  respectively,  then 
that  portion  between  B  and  C  of  the  single  algebraic  series  con- 
necting the  four  values  -4,  B,  C,  and  D  must  diminish  continuously. 

The  series  of  values  resulting  from  the  algebraic  formula  assigning 
a  law  of  relation  between  the  three  known  values  -4,  B,  and  C  will 

continuously  diminish  from  il  to  C  only  when rj-  and ^ 

b  —  a  c  —  b 

j^ n 

are  each  positive   and  greater  than     ,    ;  or,  if  the  three  terms 

c  —  o 

be  equidistant,  only  when  Ij^ I  the  value  of  the  ratio  of  the  first 

differences  is  between  ^  and  3,  and  the  differences  themselves  nega- 
tive. Similar  relations  obviously  obtain  when  the  three  known  values 
are  B,  C,  and  D. 

Applying  this  test  to  the  Prussian  Life-Table,  we  first  find  that  the 
algebraic  function  assigning  a  law  of  relation  between  the  three  known 
values  does  not  completely  satisfy  the  conditions  for  the  proportions 
surviving  ages  0,  1,  3 ;  3,  5,  14;  75,  85,  95;  and  85,  95,  105;  that 
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is,  for  the  extremes  of  the  table,  the  values  there  rapidly  diminishing ; 
and  also  for  ages  3,  5,  and  14,  where  there  is  a  great  disparity  in  the 
length  of  the  intervals  of  age.  It  will  hereafter  appear  that  eccen- 
tricities at  the  older  ages  may  be  disregarded  in  constructing  tables 
of  future  duration  of  life,  and  of  life-annuities,  without  materially 
affecting  the  correctness  of  the  results  for  earlier  ages. 

TABLE  I. 

Ayeraob  Future  Duration  or  Life  in  Prussia. 

Algibraic  Integration, 


i 


Proportions  Bom.  and 

Uring  at  Speciflea  Ages 

in  Pnuda,  calculated,  by 

the  Integral  Method, 

from  tkret  ConaecutiTe 

Batioe  of  Deaths  to 

Population. 


Snmof  (Lf), 
the  Propor-j 
tlons  Liriug  | 
attheglren 
Age  and  at 

ail  subse- 
quent Ages 

spedfled. 


+  ... 


Ages. 


569,916 
1464,249 
25'59,159 
3553,386 
4546,488 
5537,585 
6523,706 


9,104.2 
1,726.7 


5 
15 
25 
35 
45 
55 
65 
75 
85 
95 
105 


69,916 

63,748 

59,159 

53,386 

46,488 

37,585 

23,706 
9,104.2 
1,726.7 

I   96.1 

I     .64 


Aggregate  Number  of  Future  Tears 

that  (Lf)  the  Proportions 

sunriTing  Specified  Ages  will  lire. 


Average 

Future 

Duration  of , 

Lifo. 


364,916 
295,000 
231,252 
172,093 
118,707 
72,219 
34,634 
10,927.6 
1,823.4 
96.7 
.64 


loi    ,     '^x  +  '^x+lO 
^"^          12 

-^,. 

-20 

1 

- 

"'/r^. 

^'  . 

2,626,778 

41.21 

2,012,408 

34.02 

1,448,721 

27.14  ; 

948,047 

20^9  1 

524,773 

13.96 

215,941 

9.11 

54,597 

6.00  i 

5,847 

3.39 

—     232 

In  the  preceding  table  the  first  of  the  columns  headed  L,  gives  the 
proportions  surviving  certain  ages  according  to  the  law  of  mortality 
prevailing  in  Prussia ;  the  probability  of  surviving  each  of  the  several 
intervals  being  calculated  from  three  consecutive  ratios  of  deaths  to 
populations.  In  the  second  of  the  columns  headed  L^  the  values  for 
ages  95  and  105  were  computed  from  the  logarithms  of  the  propor- 
tions surviving  ages  65,  75,  and  85,  by  the  exponential  formula 
which  expresses  the  value  of  the  required  logarithms  in  terms  of  the 
age,  and  of  the  three  given  logarithms.  The  number  surviving  age 
15  (63,748)  was  obtained  by  assuming  an  algebraic  law  of  relation 
for  the  proportions  surviving  the /our  ages  5,  14,  25,  and  35. 
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The  next  column  (5,)  gives  the  sum  of  the  proportions  surviving 
the  given  age  and  all  subsequent  specified  ages. 

The  values  in  column  headed  dx   I       L^    give  the    aggregate 

number  of  future  years  of  life  that  the  proportions  surviving  given 
ages  will  enjoy,  according  to  the  prevailing  law  of  mortality,  and 
were  each  computed  from  four  equidistant  values  in  the  preceding 
column  (5x),  by  means  of  the  formula 

d  xf^  L.  =  ^  j  S,  +  5x+.  +  -^-  +  ^'t-_-^- Zl^±l? j . 

The  values  thus  obtained,  divided  by  the  corresponding  proportions 
living,  give  the  average  future  duration  of  life. 

We  have  already  called  attention  to  the  unsatisfactory  nature  of 
the  values  resulting  from  the  use  of  the  algebraic  formula  when  the 
given  numbers  rapidly  diminish,  as  in  the  Life-Table  after  about 
age  75. 

Table  II.  will  compare  corresponding  results  obtained  by  different 
formulae  and  processes. 

In  the  third  column  of  Table  II.  the  integrations  were  effected 
by  the  exponential  formula  when  the  three  given  values  involved  in 
the  equation  were  equidistant ;  when  not  equidistant,  the  parabolic 
formula  was  adopted. 

The  parabolic  and  the  exponential  formulae  each  afford  results  that 
constantly  diminish  with  advancing  age. 

The  process  of  integration  by  the  algebraic  formula  involving  four 
known  values  is  the  simplest,  and  between  ages  15  to  75  is  entirely 
satisfactory ;  from  5  to  15,  and  from  75  upwards,  the  values  afforded 
are  not  so  reliable ;  and  from  95  to  105,  duration  of  life  is  represented 
as  negative. 

In  Table  IV.  we  observe  that  the  first  three  columns  of  average 
future  duration  of  life  present  results,  for  the  larger  part  of  life, 
almost  identical. 

Values  by  the  algebraic  formula  slightly  exceed  those  of  the 
following  column,  calculated  by  a  combination  of  parabolic,  expo* 
nential,  and  algebraic  formulae.  The  excess  at  specified  ages  from 
15  to  55  inclusive  is  only  the  one-hundredth  part  (.01)  of  a  year,  or 
about  four  days. 
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TABLE  IL 
CoMPisisoH   OF   Tempobart   Aooreoate   Future   Duratiok  of  Life, 

CALCULATED  BT  DIFFERENT  METHODS,  FROM  THE  PROPORTIONS   SURTITINO 
ACCORDING   TO  THE  PRUSSIAN  LiFB-TaBLE. 


Ag«. 

Proportioiu 

BornallTB, 

andSorriTing 

certain  Agm. 

The  Aggregate  Number  of  Tears  of  Life  whieh  the  Proportionf           , 
during  each  IntenraL                                           1 

L. 

d* /•'+"£. 

2 
Bj  Annual 

^x  +  ,  +  ^. 

X 

**  *  /  #              "« 

2 

Algebraic 
Formula. 

BquidlflTerent  i 

Mean. 

Method. 

0 
1 

100,389 
82,941 

87,827* 
155,560* 
155,176 

91,665 
155,494 

91,665 
156,578    1 

3 

73,637 

142,992 
142,359* 

142,792 

143,251 

143,553 

5 

69,916 

664,403*  ) 
666,802 

665,602 

656,124 

661,937 

668,320 

15 

63,748 

613,405     [ 
615,410 
563,826 
563,581 

614,407 

614,370 

616,016 

614,535 

25 

59,159 

563,653 

563,687 

563,655 

562,725 

35 

53,386 

500,393 
500,836 

500,614 

500,674 

500,322 

499,370    1 

45 

46,488 

422,257 
423,648 
311,573 
306,973     ( 

422,952 

423,274 

422,990 

420,365 

55 

37,585 

309,273 

308,830 

311,376 

306,455 

65 

23,706 

164,599     ) 
155,807 

160,203 

161,341 

159,662 

164,050 

75 

9,104 

49,992     ) 
45,211 

47,601 

48,750 

47,769 

54,155 

85 

1,727 

7,137     i 
5,688     f 

6,412 

6,081 

6,368 

9,115 

95 

96 

285     ) 
209     J 

247 

—       194 

228 

485 

105 

1 

115 

0 

A  comparison  of  the  results  in  the  third  column  of  Table  IV.  with 
those  arrived  at  by  a  general  interpolation  and  direct  summation  of 
the  proportions  surviving  each  anniversary  of  birth,  exhibits  a  differ- 


*  These  four  values  were  calculated  by  the  parabolic  formula;  the  other  values 
in  the  column  by  the  exponential. 


94 


A.    MATHEMATICS    AND   PHYSICS. 


ence  at  specified  ages  from  birth  to  age  85  inclusive,  that  in  but  one 
case  (at  age  65)  exceeds  three  one-hundredth  parts  (.03^  of  one  year, 
or  about  eleven  days. 

The  former  results  are  deemed  in  every  respect  as  satisfactory  as 
the  latter. 

We  observe  that  results  by  the  equidifferent  method  compared  with 
approved  results,  from  birth  to  age  45  inclusive,  are  usually  about 
one  tenth  of  a  year  in  excess  ;  and  that  for  ages  above  45  the  excess 
is  much  greater. 


TABLE   m. 

Future  Duration  of  Life  in  Prussia. 

TTie  Temporary  Future  Duration  of  Life /or  the  Proportions  Surviving,  was  computed  hj 
the  Parabolic  Formula  from  Birth  to  Age  I ;  Exponential,  from  1  to  8  and  3  to  5 ; 
Mecm  of  Parabolic  and  Exponential,  from  5  to  15 ;  Algebraic,  from  15  to  75 ;  and 
Mean  of  Exponential  Duplicates^  from  75  to  105. 


Ages. 

Temporary  Fatara 
Duration  of  life. 

Fatnre 
Duration  of  Life. 

ATcrage  Future 
Duration  of  Life. 

X 

^'X'^"^. 

^'/r^. 

0 

87,827 

3,678,033 

36.64 

1 

155,176 

3,590,206 

43.29 

3 

142,992 

3,435,030 

46.66 

5 

665,602 

3,292,038 

47.09 

15 

614,370 

2,626,436 

41.20 

25 

563,687 

2,012,066 

34.01 

35 

500,674 

1,448,379 

27.13 

45 

423,274 

947,705 

20.39 

55 

308,830 

524,431 

13.95 

65 

161,341 

215,601 

9.09 

75 

47,601 

54,260 

5.96 

85 

6,412 

6,659 

3.85 

95 

247 

247 

2.57 
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TABLE    IV. 
CoMPJiBisoN  OF  Ateragb  Fdtcre  Dcration  of  Life. 
Computed^  by  different  Processes^  from  the  Prutnan  Li/e-Tabie. 


Assuming  Ljc 

Ag«. 

By  the 

Algcbraie 
VormuU. 

EtpoMDiiia,  1  -  3  and  8  -  6 : 

Algebnio,  15  -  75 ; 
Mcu  of  Exponential  DapUcatef,75  - 105 

Bj  Annual 
Interpolation. 

within  Moh 

InterraJ  to  adruce 

by  an 

I^uidifferent 

Progression. 

36.77 

0 

36.64 

36.66 

1 

43.29 

43.27 

43.40 

3 

( 

46.66 

46.63 

46.76 

5 

47.09 

47.06 

47.19 

15 

41.21 

41.20 

41.17 

41.28 

25 

34.02 

34.01 

34.02 

34.09 

35 

27.14 

27.13 

27.14 

27.24 

45 

20.39 

20  39 

20.40 

20.53 

55 

13.96 

13.95 

13.98 

14.21 

65 

9.11 

9.09 

9.03 

9.61 

75 

6.00 

5.96 

5.97 

7.00 

85 

3^9 

3.85 

3.82 

5.55 

95 

2.57 

2.37 

5.05 

TABLE   V. 

VlLUB,  AT  CERTAIN   AoBS,  OF   OnB  DoLLAR    TO    BB    PAID    AT   THE    EnD  OF 

BicH  Tear  during  the  Remainder  of  Life,  according  to  the  Pbus- 
siix  Life-Tablb,  with  Pbocess  for  determining. 

Interest  of  Money ^  Four  per  Cent.    Algebrcde  Finite  Integration* 


Aps. 

'Am)' 

tI^x+^,...+S^} 

r-L'^ 

^'.           ' 

X 

^. 

-T'+^r^'. 

Life- Annuity, 
4  per  Cent 

•     5 

57,466 

143,287 

15 

35^7 

85,821 

^  666,675 

18.33 

25 

22,192 

50,424 

384,260 

16.82 

35 

13,529 

28,232 

208,804 

14.93 

45 

7,959 

14,703 

103,448 

12.50 

55 

4,347 

6,744 

43,186 

9.44 

65^ 

1,852 

2,397 

13,115 

6^8 

75 

481 

545 

2,306 

4.29 

H5 

61.6 

63.9 

133.6 

1.67 

95 

2.3 

,                   2.3 

^                     .01 

—        138 

105 

.01 

H=S^+  5'.+,,  -  S',.,,  -  S-.., 
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In  Table  V.  we  observe  that  the  ratios  of  the  first  difierences  of  the 

values  {Lx  (  r-rr)  )  in  the  second  column,  for  ages  65  and  over,  are 

not  within  the  required  limits,  ^  and  3,  and,  consequently,  that  the 
values  of  the  annuity  resulting  from  integration  by  the  algebraic  for- 
mulae are  to  an  extent  unsatisfactory. 

Had  the  integration  of  Sj,  for  the  older  ages  been  effected  by  the 
exponential  formula,  the  following  would  have  resulted. 


Ages. 

-^+STS', 

K'--<  ' 

Duplicates. 

Mean. 

55 
65 
75 

85 

(    43,539.1  ) 
}    42,671.2  J 

(    13,417.5) 
\    12,711.6  J 

(      2,525.4) 
)      2,281.3  J 

(         233.3 ) 
188.2) 

43,105 
13,065 
2,403 
210.8 

9.42               ' 

6.55 

4.50               ' 

2.92 

1 

In  Table  VI.  the  values  in  the  third  column  corresponding  to  inter- 
vals between  ages  65  and  95  are  arithmetical  means  of  dupli- 
cate values  resulting  from  finite  integration  of  L',  by  the  exponential 
formula.  The  value  opposite  age  95  is  a  single  value  similarly  ob- 
tained. 


Ages. 

65 
75 

85 

95 


Duplicate  Values  and  Mean, 

Duplicates. 


(  10,990.8  \ 

X  10,356.0  y 

(  2,312.6) 
1    2,076.1  J 

(       229.4 ) 
X       183.0  i 


Single  Yalue. 

6.3 


10,673 
2,194 
206.2 

6.3 
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In  the  same  column  (the  third)  the  value  of  the  summation  from  5 
to  15  (455,694)  is  the  arithmetical  mean  of  a  result  (456,371)  derived 
by  integration  from  the  parabolic  formula  involving  values  in  the 
preceding  column  for  ages  3,  5,  and  15,  and  of  another  (455,017) 
obtained  by  finite  integration  from  the  exponential  formula  involving 
values  for  ages  5,  15,  and  25. 

The  remaining  values  in  that  column  were  obtained  by  the  finite 
integration  of  a  series  of  distinct  algebraic  formulse,  each  involving 

four  given  values  of  L,  (tj^  )  • 

When  the  terms  in  the  second  column  (L'J  are  equidistant,  and 

the  intervals  unity ^  1  —  ( jj  in  the  expression  for  the  finite 

integral  of  the  algebraic  formula  becomes  zero^  and  the  correspond- 

L'  -I-  L' 

ing  values  in  column  thurd  become  — ^-^j^-  ^^^  • 

In  the  second  column  {LzV^  and  Lit?*)  values  for  ages  2  and  4  were 
interpolated  by  means  of  the  exponential  formula  involving  values  for 
ages  1,  3,  and  5. 

The  value  of  the  life-annuity  (a,)  at  each  of  the  specified  ages  was 
obtained  by  dividing  the  corresponding  value  in  the  fourth  column  by 
that  in  the  second,  and  from  the  quotient  deducting  five  tenths  of 
unity. 

We  observe  that  annuities  from  age  15  to  45  inclusive,  according 
to  Table  V.,  and  for  subsequent  specified  ages  according  to  the 
modification  of  that  table  by  the  exponential  formula,  are  essentially 
identical  with  values  in  Table  VI.  at  corresponding  ages. 

Our  L',  (constructed  according  to  Barrett's  method)  corresponds  to 
the  D,  of  Mr.  Griffith  Davies  and  later  writers.  Our  ^]^  L',  (or 
S^"  ^')  ^3  ^®  ^*  employed  by  Dr.  Farr  and  Mr.  Gray,  and  the 
^.-i  of  Mr.  Davies,  adopted  by  Mr.  David  Jones,  Mr.  Jenkin  Jones, 
Professor  De  Morgan,  and  others. 

Unaugmented  annual  and  single  premiums  to  insure  9  100^  payable 
at  the  end  of  the  year  of  decease,  may  be  computed  by  the  formulae 
commonly  employed,  and  heading  the  respective  columns,  or  be  taken 
directly  from  Mr.  Orchard's  very  useful  tables  of  "  Assurance  Pre- 
miums." 
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TABLE    VI. 

LiFB-AWHUITY,    WITH     TABLES     PKEPARATOBT  J    ALSO    TaBLES    OF     UhACO- 

MENTED  Annual  and  Single  Pbemiums  to  insube  $100,  payable  at 
THE  End  of  the  Yeab  in  which  Life  shall  tbbminatb. 


Interest  of  Moneys 

Four  per  Cent 

per  Annunu    Integration  by  different  Formula. 

Preminiiis 

• 

Life  AimaitiM, 

Unaogmented. 

4  per  Cent. 

e 

Annual, 

Singla.   1 

/^ 

AgM. 

^'(mY 

+ 

r 

1 

2 

+ 

•-* 

_         

1 

e 

04 

+ 

w 

^- 

+ 

i 

r^ 

X 

^s 

+ 

1 

"' 

8 

§ 

0 

100,389 

90,070 

1,478,812 

14.23 

2.72 

41.42 

1 

79,751 

75,565 

1,388,743 

16.91 

1.74 

31.12 

2 

71,880 

68,422 

1,313,178 

17.90 

1.45 

27.31 

3 

65,463 

63,236 

1,244,746 

18.51 

1.28 

24.96. 

4 

61,010 

59,238 

1,181,520 

18.87 

1.19 

23.58 

5 

57,466 

455,694 

1,122,282 

19.03 

1.15 

22.96 

15 

35,397 

282,414 

666,588 

18.33 

1.33 

25.65 

25 

22,192 

175,456 

384,174 

16.82 

1.77 

31.46 

35 

13,529 

105,356 

208,718 

14.93 

2.43 

38.73 

45 

7,959 

60,261 

103,362 

12.49 

3.57 

48.12 

55 

4,347 

30,021 

43,101 

9.42 

5.75 

59.92 

65 

1,852 

10,673 

13,080 

6.56 

9.38 

70.92 

75 

481 

2,194 

2,407 

4.60 

14.34 

78J5 

85 

61.6 

206.2 

212.5 

2.95 

21.47 

84.81 

95 

2JJ 

6.3 

6.3 

105 

.01 

Methods  for  determining  from  the  above  data  the  values  of  other 
single  life  benefits,  whether  uniform,  increasing,  or  decreasing,  either 
for  the  entire  period  of  life  or  for  limited  portions,  may  readily  be 
devised. 

So  also  methods  analogous  to  those  employed  in  framing  the  pre- 
ceding tables  may,  with  advantage,  be  adopted  in  constructing  tables 
that  shall  afford  facilities  for  the  ready  solution  of  questions  involving 
two  or  more  life  contingencies. 

We  now  wish  rules  for  determining,  by  brief  processes,  values  in- 
termediate between  those  already  obtained. 

Either  of  the  formulse  already  given  may  be  resorted  to  ;  of  which 
the  following  is  the  simplest. 
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X  h  ,  X  —  c 

a  —  h  , 
X  —  a  . 


a  —  c 
X —  c 
b  —  a  .  b  —  c 
X  —  a  .  X —  b 


c  —  fl  . 


—  b' 


i,  a,  B^  &,  and  C,  c  being  known  corresponding  values  of  the  co- 
ordinates X  and  X. 

The  algebraic  formula  involving  four  given  values  will  commonly 
afford  results  of  a  nature  entirely  satisfactory  within  the  usual  limits 
of  inquiry. 

Given,  Ay  a,  B^  b^  C,  c,  and  D^  d,  corresponding  known  values  of 
Lf  X ;  required  values  intermediate  between  B  and  C.  If  the  given 
tenns  be  equidistant,  and 

n=  d  —  c  =  c  —  b  =  b  —  a, 
the  algebraic  formula  will  give  the  following  :  — 

TABLE   Vn. 

Special  Forxuljb  fob  Ikterpoljition,  involvino  Four  kkowh  Equi- 
BI8TJLNT  Values  of  the  Function. 

Algebraic. 


Al». 

X 

HA« 

^(9B+    C)  +  jrfVff(3.9B+    C— 19^  — IID) 

+A» 

A(8  5  +  2C)+T,^^(     8B  +  2C-   6A-   4D) 

+  A» 

tV(7  5  +  3C)  +  j^^(3.7B  +  3C— 17^— 13D) 

+  T^» 

tV(6B  +  4C)+tAt7(3.6-B  +  4C— 16^-14i>) 

+  A« 

i(    B+     C)+   ^    (        5+    C-      A-      D) 

+  A« 

^(45  +  6C)+-n/i,^(3.45  +  6C— 144  — 16D) 

+  T^» 

T\,(3B  +  7C)+y^V,(3.3B  +  7C-134  — 17D) 

1  +A« 

tV(2  5  +  8C)  +  „'W(     2B  +  8C-   4A-   6D) 

*+An 

A(    5  +  9C)  +  j^(3.    B  +  9C-11A-19D) 

3 

Example. —  Given,  unaugmented  annual  premiums,  from  Tabl< 

VI.,  corresponding  to  ages  15, 25,  35,  and  45 ;  required  the  premium 

for  age  2( 

i. 

100 
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The  diflTereDce  between  ages  25  and  26  is  ^  of  (n)  the  interral  of 
age  from  25  to  35 ;  that  is  28  is  &  +  if^  ^* 
Then 


J:«  =  tV  (7  5  +  3  C)  +  jhjW  (3  .  7  B  +  3  C  —  17  ^  —  13  D), 
in  which  A^  B^  C,  and  D  equal  respectively  1.33,  1.77,  2.43,  and 
3.57. 

tV(75  +  3C)=    1.968 

3(7BH-3C)     =59.04 

17il  +  13B      =69.02; 

Required  a  value  corresponding  to  age  40,  from  data  in  the  column 

headed  — :^  +  ;£i"'l.',.    The  formula  is 

^  =  ^{B  +  C)  +  i^(B  +  C-A-  B), 
and  the  given  values  are  for  ages  25,  35,  45,  and  55. 
B+  C  =  312,080, 

il  +  jD  =  427,275  ; 
J40  =  148,840. 
Table  VII.  may  take  the  symmetrical  form  of 

TABLE   Vm. 

Sfeciax   Fobmula  fob  InterpolatioNi  iMTOLYiNa  FouB  KNOWN  Equi- 
distant Values  op  the  Function. 

Algebraic, 


Agei. 

X 

X 

J  +  An 

i'o(9B+    C) 

r                                                       > 

9x1(3.95+    C—l^A  —  UBJ 

An 

A(85  +  2C) 

8x2(3.8B  +  2C— 18^  — 125) 

&« 

A(75  +  3C) 

7x3(3.75  +  3  0—17^—135) 

A« 

A.(6B  +  4C) 

6x4(3.6'5+TC— 164  — 145) 

/o« 

A(55  +  5C)  +  «io! 

5x5(3.5  5  +  50— 15.4  — 15  5)1^ 

A(4B  +  6C) 
A(3B  +  7C) 

4x6(3.45  +  6  0— 14il— 165) 

3x7(3.35  +  7  0-134-175) 

TO" 

,1,(2  5  +  8  C) 

2x8(3.25  +  8  0—124—185) 

J+A« 

U   5  +  9  C) 

1x9(3.    5  +  90—114  —  195)1 
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And  generally,  when  the  four  terms  A^  B^  C,  and  B  are  equidistant, 


\c-^x.x  —  h[^.{c-^xB-\'X—hC)  —  d—xA—x  —  aD']\, 

The  writer  is  not  aware  that  any  previous  attempt  has  been  made 
to  pass  by  direct  and  summary  processes  from  the  immediate  results 
of  actual  observations  to  solutions  of  monetary  and  other  practical 
questions  involving  life  contingencies,  as  accurate  and  reliable  as 
those  obtained  by  the  intervention  of  a  formidable  interpolation.  In 
view  of  the  large  and  rapidly  accumulating  mass  of  population  and 
mortality  statistics,  such  processes  seem  to  be  demanded. 

The  approximate  methods  heretofore  published  have  already  been 
adverted  to  ;  allusion  has  also  been  made  to  certain  formulce  adopted 
in  the  construction  of  theoretical  Life-Tables,  which  afford  facilities 
for  the  independent  formation  of  required  monetary  and  other  values. 

Note. — The  average  future  duration  of  life  forages  15,  25,35,45, 
and  55,  deduced  from  values  in  column  C,  on  page  82,  are  from  .1  to 
.2  of  a  year  less^  and  those  derived  from  values  in  column  E  are  from 
.2  to  .3  of  a  year  greater,  than  corresponding  durations  obtained  by 
more  accurate  methods.  Arithmetical  means  of  these  results  exceed 
the  true  values  by  about  .05  of  a  year.  By  giving  greater  compara- 
tive weight  to  values  deduced  from  C,  closer  approximations  will 
ensue. 
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1.  A  SIMPLE  Method  of  correcting  the  common  Nautical  Method 
OF  "  Double  Altitudes  "  of  the  Sun,  Moon,  or  a  Planet, 
for  the  Change  of  Declination  between  the  Observations. 
By  Professor  W.  Chauvenet,  of  the  U.  S.  Naval  Academy. 

Navigators  who  employ,  for  determining  their  latitude,  two  alti- 
tudes of  the  sun,  moon,  or  planet,  usually  assume  the  declination  as 
invariable,  and  equal  to  the  declination  at  the  middle  instant  between 
9» 
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the  two  observations ;  and  are  content  with  the  result  thus  obtained. 
When  greater  accuracy  is  desired,  either  the  complete  rigorous  pro- 
cess of  spherical  trigonometry  must  be  employed,  or  a  correction  must 
be  applied  to  the  abridged  process.  The  latter  course  is  followed  by 
Bowditch  in  what  he  gives  as  his  Third  Method  of  Double  Altitudes. 
This  method  consists  in  applying  a  correction  to  one  of  the  altitudes, 
and  employing  the  declination  belonging  to  the  other  altitude  as  the 
constant  declination  ;  and  to  find  the  correction,  he  gives  a  table  with 
three  arguments,  which  is  very  embarrassing  to  the  practical  seaman. 
The  method  I  propose  supposes  the  computation  carried  through  by 
the  common  process,  employing  the  mean  declination ;  and  to  the  re- 
sulting latitude  thus  found,  a  small  correction  is  applied,  to  compute 
which  only  two  logarithms  are  required  to  be  taken  from  the  tables  in 
addition  to  those  previously  employed.  In  order  to  show  clearly  how 
this  correction  is  to  be  obtained,  it  will  be  necessary  to  recapitulate  the 
formulae  which  are  the  analytical  expression  of  the  well-known  method 
given  by  Bowditch  as  his  First  Method.  Putting 
h  =  first  altitude, 
h'  =  second  altitude, 
d  =  mean  declination, 

X  =  diflTerence  of  the  hour-angles  of  the  body  at  the  two  observations, 
ffi  =  approximate  latitude, 

these  formulce  are, 

sin  A  =  cos  d  sin  I  X ; 
sin  B  =  sin  d  sec  A ; 

_  cosi(h  +  h')sini{h^h'), 

,^,  7       sinHH-  ^')  cos  i  {h  ^.h') . 
cos  Z  = c^A~^^C  ' 

sin  ^  =  cos  C  sin  {B  -(-  Z). 
Now  to  correct  the  value  of  ^  thus  obtained,  let 

^'  =  true  latitude  =  ^  -|-  A  ^ ; 
then  I  find, 

__  _    t  A  a  sin  C 
^  "~        cos  ^  sin  J  X  ' 

in  which  A  b  represents  the  change  of  declination  between  the  two  ob- 
servations.    In  the  computation  of  ^  we  have  already  the  logarithms 
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of  sin  C  and  sin  J  X,  so  that  we  have  only  to  take  from  the  tables  the 
logarithms  of  ^  A  d  and  cos  ^.  It  may  be  necessary  to  observe  to  the 
practical  computer,  that  attention  must  be  paid  to  the  sign  of  sin  C, 
which  will  be  negative  when  the  second  altitude  is  the  greater ;  and 
also  that  A  d  here  expresses  the  increase  of  declination,  towards  the 
north,  from  the  first  to  the  second  observation,  so  that  the  sign  of  the 
correction  must  be  changed  when  the  body  is  moving  towards  the 
south.  All  the  cases  of  sign  are  covered  by  the  following  simple 
rule:  — 

When  the  second  altitude  U  the  greater^  apply  the  correction  to  the 
approximate  latitude  as  a  northing  or  a  southing,  according  as  the 
hdji  is  moving  towards  the  noHth  or  the  south.  When  the  first  alti- 
tude is  the  greater^  (*PPh  ^^^  correction  as  a  southing  or  a  northing, 
according  as  the  body  is  moving  towards  the  north  or  the  south. 

It  is  proper  to  observe,  that  this  mode  of  correcting  may  with  suf- 
ficient accuracy  for  nautical  purposes  be  extended  to  cases  where  the 
difference  of  declinations  is  two  or  three  degrees,  and  therefore  occa- 
sionally to  the  case  where  two  different  bodies  are  observed,  provided 
their  declinations  do  not  differ  by  more  than  that  quantity. 

Finally,  when  the  sun  is  the  body  observed,  our  formula  gives  the 
correction  in  all  cases  within  1",  and  therefore  with  all  the  precision 
required  in  the  most  precise  determinations  on  shore  with  *  the  sextant 
and  artificial  horizon. 


2.  On  a  Method   of  Determining  the  Latitude   of  a  Place 

FROM  THE   observed  TiMES  WHEN   TWO  KNOWN   StARS   ARRIVE   AT 

THE  SAME  Altitude.    By  Professor  W.  Chauvenet,  of  the  U.  S. 
Naval  Academy. 

The  true  sidereal  times  when  two  stars  arrive  at  the  same  altitude, 
and  the  right  ascensions  and  declinations  of  the  stars,  are  data  suffi- 
cient to  determine  the  latitude  of  the  place  of  observation,  the  altitude 
itself  remaining  wholly  unknown. 

Gauss's  method  of  finding  both  the  latitude  and  the  clock  correction 
from  the  observed  clock  times  when  three  stars  arrive  at  the  same  alti- 
tude is  well  known,  but  I  cannot  find  that  any  one  has  examined  the 
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case  where  two  stars  are  thus  ohserved,  and  the  clock  correction  is  at 
least  approximately  known,  though  it  has  very  probably  occurred  to 
others.  Any  method,  however,  which  will  enable  the  observer  with  a 
sextant  to  be  independent  of  the  errors  of  his  instrument,  deserves  to 
be  considered.  In  determining  the  latitude  by  meridian  observations 
with  the  sextant,  it  is  usual  to  select  stars  which  culminate  at  nearly 
the  same  zenith-distance  north  and  south.  The  mean  of  the  latitudes 
found  from  a  pair  of  stars  so  selected  will  be  nearly  free  from  errors 
arising  from  the  eccentricity  of  the  sextant  and  the  imperfect  adjust- 
ment of  the  glasses,  and  from  the  imperfection  of  our  refraction  tables, 
but  will  still  be  liable  to  the  accidental  errors  of  division  of  the  limb. 
If  we  confine  the  observations  to  the  meridian,  we  can  never  be  entirdp 
free  from  these  sources  of  error,  except  when  the  zenith-distances  of 
the  two  stars  are  absolutely  equal,  a  condition  which  can  never  be  sat- 
isfied in  practice.  Smce  we  are  limited  in  sextant  observations  to  the 
use  of  bright  stars,  it  often  happens  that  no  suitable  pair  of  stars  can 
be  found  whose  meridian  zenith-distances  difier  by  less  than  ten  or  fif- 
teen degrees,  in  which  case  only  an  imperfect  compensation  of  errors 
must  result.  But  by  observing  one  or  both  of  the  stars  oflT  the  merid- 
ian, we  can  take  them  at  exactly  the  same  altitude,  and  thus  eliminate 
all  the  errors  just  alluded  to.  At  the  same  time,  however,  we  intro- 
duce another  source  of  error  in  their  stead,  namely,  imperfect  knowl- 
edge of  the  time.  A  discussion  of  the  formulas  (which  are  very  sim- 
ple) required  inr  the  reduction  of  these  observations  will  serve  to  show 
that  this  new  source  of  error  is  much  less  to  be  feared  than  the  others, 
and  therefore  we  can  claim  for  the  method  a  decided  advantage  so 
far  as  relates  to  the  elimination  of  instrumental  errors  and  errors  of 
refraction.     Let 

(T,  cr'  =  true  sidereal  times  of  observation, 
a,  o'  =  right  ascensions  of  the  two  stars, 
d,  d'  =  declinations  of  the  two  ^tars, 
<,  /'  =  hour-angles  of  the  two  stars, 

h  =  altitude  of  either  star, 

<f>  =  latitude  of  the  observer ; 

then,  the  hour-angles  being  found  by  the  equations 
t  =  (T  —  a ,         t'  :=  <T^  —  o', 
we  have  for  the  two  stars 
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sin  A  =  SID  ^  sin  d  -|-  cos  ^  cos  d  cos  t^ 
sin  A  =  sin  <f)  sin  d'  +  cos  ^  cos  d'  cos  <'. 

Subtracting  the  first  of  these  equations  from  the  second,  we  find 
tan  ff)  (sin  y  —  sin  d)  =  cos  ^  cos  <  —  cos  d'  cos  t*  = 
i  (cos  ^  —  cos  d')  (cos  t'\-cost')-\-^  (cos  d  +  cos  y)  (cos  t — cos  <') ; 
and  resolving  the  sums  and  differences  into  products  by  the  usual  for- 
mulas of  trigonometry,  we  readily  deduce 

tan  <^  =  tan  J^  («'  -|-  d)  cos  J  {t'  +  t)  cos  ^  {f  —  t) 
-|-  cot  i  {d'  —  «)  sin  i  (f  +  0  sin  i  {f  —  /). 
To  facilitate  the  computation  of  this  formula,  let  the  auxiliaries  A 
and  B  be  found  by  the  conditions, 

Asin  B  =  sin  ^  (^  —  ^)  cot  ^  (y  —  d) ;  /  j  v 

AcoaB  =z  cosi  (V  —  t)  tan  ^  («'  +  «) ; 
then  we  have, 

tan  </»  =  ^  cos  [J  (r  +  /)  —  5].  (2.) 

These  simple  formulae  occur  also  in  the  method  of  finding  both  time 
and  latitude  from  three  stars  according  to  the  method  of  Gauss  above 
mentioned.  But  if  one  of  the  stars  is  on  the  meridian,  (and  this  case 
would  naturally  be  preferred,)  we  can  resort  to  a  still  more  simple 
method  of  reduction.  For  if  we  have  t'  =  0,  our  fundamental  equa- 
tions, under  the  form, 

sin  h  =  cos  {<f)  —  d)  —  2  cos  ^  cos  d  sin'  ^  /, 
sin  h  =  cos  (^  —  d'), 


•     ri/*i   v\       ^1       cos<^cosdsin' je  . 


give 

or,  for  practical  use, 

cos  <l>  cos  d  siri^  ^t  ,  /»,  i    %\ 

«»" y  =    -sini (d'-d)    '       *  =  i(«'  +  «) -y. 

to  compute  which  an  approximate  value  of  the  latitude  must  be  known. 
To  discuss  the  effect  of  errors  in  the  time,  let  AT  denote  the  (side- 
real) clock  correction,  which  may  be  assumed  to  be  the  same  at  both 
observations,  the  rate  being  duly  allowed  for.  If  then  T  and  T'  are 
the  clock  times  of  the  observations,  the  errors  in  the  hour-angles  will 
be 

dt  =  dT  +(i.AT, 

dt'=  dT+d.AT\ 
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where  dT  and  dT'  are  the  errors  of  observation,  and  d .  AT  the  error 
in  the  clock  correction.  We  shall  have,  by  differentiating  our  funda- 
mental equations, 

dh  =  —  cosil  d<l>  —  cos^  sin -4  (15 dT) — cos <^  sin -4  (15d.  AT), 
dh'  =  —cos  A' d<fi  — cos  <t>  sm  A'  (lb dT)—C08<f>  sin  A^  (lb d .AT), 

in  which  A  and  A'  are  the  azimuths  of  the  stars  reckoned  from  the 
south  point.  In  these  equations  we  may  put  dh  =  dh\  differences  of 
altitude  having  been  already  eliminated,  and  we  shall  find,  by  taking 
the  difference  of  the  two  equations, 

d(l>      ___  sin  il sin  A' 

15  cos  <^  cos  A  —  cos  A'         '    cos  A  —  cos  A' 

+  sin  A^  —  sin  il   .       „ 
cos  A  —  cos  A' 

The  coefficient  of  d .  aT  is  equal  to  cot  ^  (A'  +  A),  which  becomes 
zero  when  J  (A'  -j-  J)  =  90°,  that  is,  when  the  observations  are 
equally  distant  from  the  prime-vertical.  The  coefficient  of  dT  is 
equal  to 

sin  A 
2  sinXC^H-"^)  sin  ^  (A'  — A) ' 

which  becomes  zero  when  the  stars  are  both  observed  on  the  meridian 
with  a  difference  of  azimuth  of  180°.  Hence,  errors  of  observation 
and  in  the  clock  correction  are  the  smaller,  the  nearer  the  stars  are  to 
the  meridian,  one  north  and  the  other  south  of  the  zenith. 

The  coefficient  cot  ^  (A'  +  -4)  will  have  the  same  numerical  value, 
but  with  opposite  signs,  if  the  same  stars  are  observed  on  both  sides  of 
the  meridian.  The  mean  of  two  results  obtained  from  the  same  pair 
of  stars  observed  on  each  side  of  the  meridian,  will  therefore  be  en- 
tirely free  from  the  effect  of  a  small  error  in  the  clock  correction. 
This  is  an  important  remark  in  relation  to  a  method  proposed  to  be 
carried  out  with  the  sextant  alone. 

For  the  star  very  near  or  on  the  meridian,  an  error  in  the  observed 
time  will  generally  produce  but  an  inappreciable  effect.  But  for  the 
star  off*  the  meridian,  if  we  put  A'  =  180°,  we  have 

^d<l>  =  —  7+ ^oT.1  dT  =  —cos<t>i^niAdT. 

If  we  suppose  an  error  of  1'-  in  the  observed  time,  and  that  the  stars 
are  selected  so  that  the  azimuth  of  the  star  oflT  the  meridian  is  not 
more  than  15°,  this  formula  gives 
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d  <^  =  —  1".96  COS  </». 

We  see,  then,  that  the  errors  to  which  this  method  is  liable,  when  it  is 
judiciously  applied,  are  far  within  the  unavoidable  errors  resulting  from 
the  small  optical  power  of  the  sextant  telescope.  It  is,  however,  an 
objection  to  it,  that,  in  order  to  multiply  observations  on  the  same  stars, 
much  time  must  be  consumed  both  in  the  observations  and  in  the  com- 
putations. I  offer  it  chiefly  as  completing  in  some  degree  the  methods 
available  with  the  sextant,  and  as  being  (so  far  as  I  am  aware)  the 
only  method  which  is  wholly  free  from  the  errors  of  that  instrument. 
It  may  occasionally  enable  an  observer,  possessed  of  only  a  very  poor 
sextant  and  a  tolerably  good  watch,  to  obtain,  nevertheless,  very  accu- 
rate results. 

The  method  may  be  applied  also  with  the  zenith  telescope,  the  in- 
strument by  which  the  very  accurate  determinations  of  latitude  have 
been  made  on  the  Coast  Survey.  In  this  case  we  could  not  observe 
the  two  stars  at  absolutely  the  same  altitude,  but  would  have  to  take 
into  account  the  slight  difference  of  ahitude  shown  by  the  level  read- 
ings in  the  two  positions  of  the  instrument.  This  is  easily  done,  and 
with  great  accuracy.  By  observing  the  same  stars  at  different  places, 
differences  of  latitude  are  found  almost  wholly  free  from  the  errors  of 
the  catalogue  places  of  the  stars  ;  with  the  advantage  over  the  method 
of  observing  with  the  zenith  telescope  only  in  the  meridian,  that  greater 
differences  of  latitude  may  be  measured,  and  without  the  use  of  the 
micrometer ;  or,  if  the  micrometer  is  used,  by  confining  the  observa- 
tions to  the  vicinity  of  the  middle  of  the  field.  This  will  be  obvious 
to  any  one  acquainted  with  that  instrument.  But  whether  this  advan- 
tage would  compensate  for  the  sacrifice  of  time  and  trouble  which  the 
method  demands,  is  doubted  by  the  experienced  observers  of  the  Coast 
Survey,  to  whom  the  suggestion  has  already  been  made,  through  the 
able  head  of  that  work.  I  do  not  think  it  necessary,  therefore,  to  de- 
velop here  the  modifications  which  the  method  would  require  in  such 
applications ;  especially  as  they  are  mostly  of  such  a  nature  as  to  occur 
to  any  observer  experienced  in  the  use  of  the  zenith  telescope.  I  will 
only  remark,  that  the  method  I  propose  may  be  applied  with  an  alt- 
azimuth, theodolite,  or  universal  instrument,  or  any  instrument  which 
is  provided  with  a  level  arranged  in  such  a  manner  that  it  may  be 
clamped  at  any  angle  with  the  axis  of  the  telescope,  and  which  permits 
a  rotation  of  the  telescope  and  level,  thus  clamped,  around  a  vertical 
axis. 
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3.  On  a  New  Method  of  Measuring  Celestial  Arcs.    By  Al- 
VAN  Clark,  of  Cambridgeport. 

Not  a  year  has  yet  elapsed  since  it  occurred  to  rae,  that  an  inde- 
pendent movable  eye-piece,  of  high  magnifying  power,  for  each  image, 
might  be  applied  with  advantage  in  micrometrical  measurements  of 
celestial  objects.  On  giving  the  subject  a  careful  inspection,  I  won- 
dered if  a  plan  so  natural  and  simple,  and  which  promised  so  excel- 
lently to  my  own  mind,  could  have  escaped  the  attention  of  others. 
On  due  inquiry,  I  found  it  was  really  so.  With  the  assistance  of  my 
two  sons,  an  instrument  of  six  inches^  aperture,  with  a  focal  distance 
of  103  inches,  has  been  already  made  and  mounted.  It  has  a  pen- 
dulum clock,  containing  Bond^s  spring-governor,  acting  on  a  sector 
clamping  to  the  polar  axis,  which  gives  an  exceedingly  equable  motion 
to  the  telescope,  for  the  space  of  two  hours. 

I  have  thus  far  used  a  prism  with  the  eye-pieces,  while  observing,  as 
affording  a  more  comfortable  position.  Instead  of  the  spider-line 
micrometer,  I  made  a  cheap  dividing-machine,  for  graduating  strips 
of  glass,  with  a  finely  pointed  diamond.  The  screw  of  the  machine 
has  sixteen  threads  to  an  inch,  and  an  appropriate  circle  to  determine 
the  fractions  of  a  revolution.  Kept  by  the  ruling-machine  is  a  constant 
stock  of  blank  pieces  of  common  plate-glass,  about  four  inches  long 
and  three  quarters  of  an  inch  in  width.  There  are  clamps  for  holding 
such  a  strip  on  the  stage  or  carriage  of  the  ruling-machine,  and 
corresponding  springs  for  securing  them  under  the  eye-pieces  of  the 
telescope  at  th^  proper  focal  distance.  In  procuring  an  observation, 
the  first  step  is  to  bring  the  two  images  to  the  centre  of  their  respec- 
tive fields,  with  the  driving  clock  at  work;  then,  with  common 
dividers,  take  the  distance  between  the  eye-pieces,  which  are  adjusta- 
ble in  distance  to  fit  the  different  cases,  and  with  a  rule,  or  by  going 
directly  to  the  machine,  find  the  included  number  of  threads  upon 
the  screw ;  place  a  blank  glass  under  the  diamond,  cut  first  a  longi- 
tudinal line  through  the  centre,  then  two  cross  lines,  giving  the 
number  of  turns  io  the  screw  which  my  measure  with  the  dividers 
indicated  to  be  necessary  between  them.  This  glass  is  then  directly 
transferred  from  the  machine  to  its  place  under  the  eye-pieces  of  the 
telescope,  and  the  lines  compared  with  the  stars,  by  moving  the  eye 
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£rom  one  eye-piece  to  the  other  a  number  of  times.  If  the  space  be 
found  too  wide  or  too  narrow,  another  glass  is  ruled  in  about  two 
minutes  of  time,  with  an  estimated  aUowance  for  the  errors  of  the  first 
in  the  reading  of  the  circle  upon  the  screw.  In  about  three  or  four 
tiiftis  a  very  close  approximation  is  obtained.  Here  two  persons  can 
be  employed  with  advantage,  in  turning  to  account  a  good  hour  for 
woric ;  one  constantly  at  the  telescope  and  the  other  at  the  ruling- 
machine.  In  getting  a  series  of  measures  in  distance,  the  former  hat 
no  reading  of  circles,  or  scales,  to  abstract  his  attention  or  occupy 
bis  time.  His  only  duty  is  to  take  the  glasses,  one  after  another,  as 
ftimiabed,  compare  the  distances  of  the  lines  with  that  of  the  stars, 
and  report  them  to  his  co-worker  at  the  machine,  who,  in  turn,  must 
number  and  keep  a  record  of  every  glass  he  rules.  He  should  also 
record  the  report  on  each  ruling,  at  the  time  it  is  given.  In  this  way 
great  expedition  is  secured,  and  by  keeping  the  one  at  the  telescope 
uninformed  as  to  the  value  of  all  the  rulings  imtil  the  series  is  com- 
pleted, obliging  him  to  pronounce  on  lines  slightly,  but  purposely,  mis- 
placed, without  a  possible  bias  of  judgment,  the  other,  knowing  by  his 
record  the  different  values  furnished,  is  able  to  form  a  very  correct  esti- 
mate of  the  accuracy  they  are  obtaining.  A  great  number  of  observa- 
tions,  taken  in  this  way,  have  convinced  me,  that,  in  tolerable  states  of 
atmosphere,  it  would  be  impossible  for  the  one  at  the  machine  to  mis- 
lead the  assistant  at  the  telescope  two  tenths  of  a  second,  right  or  left, 
from  a  given  line.  Attempts  at  such  deceptions  I  have  made,  series 
after  series,  which  have  been  regularly  detected,  and  pointed  out, 
when  the  weather  has  afforded  any  middling  opportunity  for  such 
work,  even  with  this  small  instrument  In  these  cases,  none  of  the 
objects  have  been  less  than  thirteen  minutes,  and  in  one  instance  over 
ihf'&ve  minutes  distant. 

In  measuring  angles  of  position,  I  proceed  as  with  a  spider  line, 
only,  employing  in  its  stead  a  diamond  line  upon  glass.  I  am  looking 
up  objects  where  the  two  are  as  nearly  equidistant  from  the  ecliptic 
as  possible,  and  preserve  my  rulings  for  future  use.  For  annual  par- 
allaxes, this  method  affords  peculiar  conveniences,  especially  where 
the  situations  of  the  objects  demand  measures  of  distance  rather  than 
angles  of  position.  No  question  relating  to  extent  of  field  has  any 
bearing  on  the  magnifying  powers  an  observer  may  wish  to  employ, 
and,  if  he  chooses,  he  may  use  a  high  power  upon  one  object  and  a 
10 
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low  one  upon  the  other,  at  the  same  time.  No  advantage  could  pos- 
sibly be  claimed  for  the  two  eye-pieces,  where  objects  are  so  near 
each  other  that  they  come  well  into  the  field,  of  a  suitably  high  power, 
with  one.  Carefully  conducted  and  many  times  repeated  experi* 
ments  have  been  made  for  testing  the  accuracy  of  measures  taken  on 
distant  objects  with  the  two,  as  compared  with  those  taken  on  the 
most  favorably  situated  objects  with  one,  the  details  of  which  would 
here  be  needless.  But  I  will  state,  I  can  find  no  sensible  advantage 
in  the  one  over  the  other ;  and  if  I  were  seeking  a  close  agreement, 
in  a  great  number  of  trials,  I  should  certainly  resort  to  the  two  eye- 
pieces, for  all  distances  between  three  and  one  hundred  minutes.  A 
distortion  of  the  image,  more  or  less,  attends  the  different  distances 
from  the  optical  axis  of  the  telescope  which  the  spaces  to  be  meas- 
ured may  require,  though  it  is  nothing  seriously  objectionable,  in  in- 
tervals of  less  than  one  degree.  But  by  making  the  object-glass  on 
the  plan  of  a  camera-obscura  used  in  producing  daguerreotype  pic- 
tures, a  mastery  of  five  degrees  or  more  could  be  secured.  A  good 
driving-clock  is  an  important  appendage  to  an  equatorial  telescope,  in 
using  the  ordinary  filar  micrometer ;  and  it  will  be  evident  a  double 
necessity  for  it  exists  in  this  case.  I  would,  therefore,  again  refer  to 
the  spring-governor,  admitting  that  no  small  share  of  the  promise  at- 
tending this  primitive  effort  is  due  to  Mr.  Bond's  improvement,  and  his 
kind  permission  to  use  it  in  my  clock.  When  first  explained,  a  &vor- 
able  opinion  on  his  part  was  expressed  upon  the  proposed  plan  of  ob- 
serving, which  encouraged  me  to  assume  the  responsibility  of  putting 
it  to  the  test,  by  direct  experiment.  Thus  have  I  incurred  toward  my 
excellent  friend  a  double  obligation,  in  connection  with  the  double 
eye-piece. 

The  observations  I  have  to  offer,  I  must  admit,  are  selected,  and 
were  made  with  great  care,  in  choice  states  of  weather ;  the  first  on 
the  evening  of  August  7th,  1856,  on  a  Ophiuchi  and  a  star  of  the 
eighth  magnitude  \precei2iit^ ;  the  other  on  a  Aquilse  and  a  fifth 
magnitude  following^  upon  the  evening  of  August  10th,  1856.  In 
the  first  of  these  cases,  eight  observations  all  agree  to  within  less  than 
three  tenths  of  a  second,  and  in  the  other,  five  observations  agree  to 
withm  less  than  two  tenths  of  a  second ;  yet  the  distances  are  such  that 
they  could  not  be  brought  into  the  field  of  a  suitably  high  power,  with 
common  micrometers,  to  be  measured  at  all.    The  observations  were 
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commenced  before  the  stars  reached  the  meridian,  and  closed  when 
about  one  hour  past,  in  both  cases,  so  that  refraction  would  make  but 
little  show  in  the  work.  What  might  be  expected  of  the  instrument, 
adequate  in  dimensions,  and  fitted  up  with  a  proper  outlay,  those  pro- 
fessionally engaged  in  such  matters  should  be  able  to  judge.  My  op- 
tical experiments  and  labors  for  the  past  twelve  years  have  been  prey- 
ing upon  my  pecuniary  resources,  so  that  now  they  are  entirely  insuf- 
ficient for  so  great  an  undertaking,  whatever  might  be  my  ambition 
for  contributing  to  science,  or  serving  my  country.  Much  time  and 
careful  toil  have  been  bestowed  on  grinding  and  figuring  lenses,  and 
applying  them  to  the  search  of  the  heavens ;  and  though  the  pride  of 
my  heart  finds  its  aliment  in  pointing  to  a  number  of  exquisitely  fine 
new  telescopic  objects,  you  can  well  understand  they  have  not  ^*  put 
money  in  my  purse.'*  But  not  the  discouraging  points  attending  some 
of  my  past  humble  enterprises,  nor  approaching  age  and  infirmity,  nor 
absence  of  needed  aid  in  giving  the  most  potent  form  to  this  novel 
method  of  making  astronomical  observations,  can  cause  me  to  dismiss 
it,  as  Dr.  Johnson  did  his  Dictionary,  "  with  frigid  tranquillity."  But  I 
am  now  planning  upon  methods  which  shall  be  convenient  and  efiTec- 
ti?e  for  using  with  it  the  spider's  web.  And  if  I  judge  rightly,  for  a 
certam  class  of  measures,  it  will,  in  due  time,  be  regarded  as  *^  a  more 
excellent  way." 


4.  The  Stability   of  Satellites  bevolving  in  Small  Orbits. 
By  Daniel  Vaughan,  of  Cincinnati. 

The  modification  which  centrifugal  force  produces  on  the  form  of 
the  planets  and  the  gravity  at  their  surfaces  has  long  been  a  subject 
of  mathematical  inquiry ;  but  on  the  secondary  planets  a  much  great- 
er effect  arises  from  the  unequal  attractron  of  the  central  body  on  their 
parts.  Tlie  theory  of  the  tides  will  enable  us  to  calculate  the  result  of 
this  peculiar  action.  If  the  earth  could  exchange  orbits  with  Jupiter's 
nearest  satellite,  without  altering  its  time  of  rotation,  our  tidal  force 
would  become  nearly  twenty  thousand  times  as  great  as  it  is  at  pres- 
ent, and  a  succession  of  deluges  would  devastate  all  our  lands.    As  the 


112  A.      MATHEMATICS   AND    PHYSICS. 

feeble  gravity  of  the  satellite  is  less  capable  of  restraining  the  distuii)- 
ance,  the  commotions  would  be  more  dreadful  on  its  surface,  unless 
(as  astronomers  suppose)  the  rotation  keeps  pace  with  the  orbital  lev- 
olution,  so  that  the  same  side  is  always  directed  to  Jupiter.  This 
arrangement,  together  with  the  small  eccentricity  of  its  orbit,  must 
render  the  satellite  free  from  destructive  tides,  whatever  relation  may 
subsist  between  its  lands  and  seas. 

The  centrifugal  force  arising  from  a  rotation  once  in  forty-two 
hours  and  twenty-seven  and  a  half  minutes  would  diminish  the  equa- 
torial gravity  of  the  satellite,  by  its  j^  part ;  and  Jupiter's  attraction 
would  produce  double  this  diminution  on  the  parts  of  the  surface  in 
conjunction  and  in  opposition  with  him.  The  latter  force  increases 
polar  gravity  about  one  half  per  cent,  and  accordingly  there  will  be  a 
difference  of  more  than  two  per  cent  between  the  weight  of  the  same 
body  at  the  poles  and  at  the  points  turned  to  the  primary.  The  devi- 
ation from  a  sphere  which  is  unavoidable  would  make  the  difference 
much  greater. 

If  the  same  satellite  were  only  one  fourth  of  its  present  distance 
from  Jupiter,  its  gravity  would  be  entirely  suspended  at  the  parts  of 
its  surface  in  conjunction  and  in  opposition  with  the  latter  body ;  and 
the  planetary  structure,  which  requires  the  action  of  gravity  in  every 
direction,  could  no  longer  be  preserved.  Even  at  the  distance  of 
ninety  thousand  miles  from  the  primary,  gravity  would  be  so  far  re- 
duced in  these  localities  as  to  render  the  satellite  unstable,  and  to  lead 
to  its  dismemberment.  While,  therefore,  the  laws  of  motion  do  not 
preclude  the  possibility  of  planets  having  matter  revolving  around 
them  at  small  distances  beyond  the  confines  of  their  atmospheres,  the 
conditions  of  equilibrium  will  render  it  impossible  for  this  matter  to 
exist  in  a  single  undivided  mass,  either  of  a  spherical  or  ellipsoidal 
form. 

The  rings  of  Saturn  furnish  an  instance  of  matter  revolving  around 
a  centre  in  a  region  so  dangerous  to  satellites.  While  many  astrono- 
mers have  been  alarmed  for  the  safety  of  this  planetary  girdle,  they 
have  overlooked  the  perils  to  which  a  satellite  would  be  exposed  if  it 
moved  in  so  small  an  orbit  At  the  mean  distance  of  the  outer  ring, 
a  satellite  as  dense  as  Saturn  would  be  incapable  of  retaining  its  plan- 
etary form  ;  nor  could  one  of  double  the  density  revolve  in  security  in 
the  space  which  the  centre  of  the  inner  ring  occupies.    If  a  resisting 
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medimn  should  impede  celestial  movements,  each  satellite  would  finally 
reach  the  surftu^  of  its  primary ;  hut,  hefore  arriving  there,  would 
undergo  a  dismemherment,  and  its  fragments  he  permitted  to  move 
in  independent  orhits.  It  may  he  shown,  however,  that  these  frag- 
ments would  ultimately  have  their  orhits  changed  to  circles ;  and  that 
tbey  would  acquire  and  retain  an  annular  form  in  their  revolutions 
around  the  central  hody. 

The  existence  of  planetary  rings  seems  therefore  to  depend  on  their 
density  and  their  proximity  to  the  central  hody,  whose  attraction  ren- 
ders it  impossihle  that  satellites  could  he  formed  or  preserved  in  their 
immediate  vicinity.  There  is  also  much  reason  to  helieve  that  the 
rings  of  Saturn  are  the  remains  of  two  former  satellites.  The  fact 
that  the  inner  edge  of  the  nearer  ring  has  heen  constantly  approaching 
the  planet  since  the  time  of  Huyghens,  proves  that  this  appendage  can- 
not have  existed  for  a  long  time  in  its  present  condition ;  and  if,  as 
astronomers  calculate,  it  will  he  united  to  the  planet  hefore  a  century, 
the  fact  of  its  recent  origin  will  scarcely  admit  of  a  douht  We  may 
asKrt,  however,  with  more  confidence,  that  the  matter  composing  the 
rings  can  never  form  one  or  two  satellites. 


5.  On  the  Mebidian  Instruments  of  the  Dttdlet  Observatory. 
By  Dr.  B.  A.  Gould,  of  Camhridge. 

Ml.  Gould  descrihed  the  meridian-circle  and  transit-instrument, 
now  nearly  completed  for  the  Dudley  Ohservatory,  and  gave  some 
account  of  the  principles  adopted  in  their  construction. 

The  meridian  instruments  now  in  use  in  the  several  ohservatories 
of  the  world  may  he  classified  in  two  divisions,  —  which  may  he  des- 
ignated as  the  Grerman  and  the  English  styles,  —  and  perhaps  he 
justly  descrihed,  the  one  as  the  instrument  of  the  engineer,  the  other 
as  that  of  the  artist.  For  the  former  the  circles  are  large  and  mas- 
sive, frequently  having  a  diameter  equal  to  the  entire  focal  length  of 
the  attached  telescope ;  in  the  latter  they  are  smaller  and  slighter. 
The  new  transit-circle  of  Professor  Airy,  at  Greenwich,  typifies  the 
English  style,  and  this  instrument,  with  its  counterpart  at  the  Cape  of 
10* 
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Grood  Hope,  presents  the  merits  in  the  most  conspicuous  and  impressive 
form.  It  is  of  uron,  cast  in  a  single  piece  ;  incapable  of  reversal,  for 
which  the  observation  of  collimators  is  substituted ;  without  a  striding 
or  hanging  level,  this  apparatus  being  superseded  by  observations  of 
the  meridian  thread  as  reflected  from  the  surface  of  mercury ;  the 
circle  is  eight  feet  in  diameter,  and  read  by  diverging  microscopes 
firmly  imbedded  in  a  massive  pier ;  and  the  pivot-forms  are  investi- 
gated by  means  of  a  collimating  apparatus,  of  which  the  axis  gf  rota- 
tion itself  forms  a  part 

The  instruments  of  the  German  school  are  of  an  entirely  difleient 
order,  —  lighter  and  more  mobile.  Their  circles  are  small  in  com- 
parison with  the  length  of  the  tube ;  the  microscopes  are  supported 
upon  a  frame  concentric  with  the  axis,  and  form  one  system,  the  posi- 
tion of  which  is  known  by  means  of  an  attached  level,  whose  indica- 
tions furnish  a  correction  to  be  applied  to  the  mean  of  their  several 
readings.  The  level  is  used,  indeed,  whenever  its  use  is  possible,  and 
a  great  part  of  the  precision  of  the  results  of  observation  is  dependent 
upon  the  delicacy  with  which  this  highly  trusted  instrument  may  be  con- 
structed and  used.  Frequent  reversals  of  the  instrument  are  deemed 
indispensable ;  and  in  general  the  structure  is  devised  with  a  view  to 
easy,  rapid  and  frequent  changes  in  the  relative  position  of  all  those 
parts  which  may  be  rendered  movable.  To  sum  up,  —  the  one  class 
of  instruments  is  designed  for  securing  absolute  uniformity  of  circum- 
stances in  all  observations  ;  the  other,  for  attaining  as  great  diversity 
of  circumstance  as  is  consistent  with  the  retention  of  the  same  degree 
of  accuracy. 

The  meridian-circle  for  the  Dudley  Observatory  has  been  ordered 
of  Messrs.  Pistor  and  Martins,  of  Berlin,  and  in  its  form  and  the  fun- 
damental principles  adopted  my  aim  has  been  to  avoid  the  prejudices 
of  education  and  the  prepossessions  of  taste,  and  if  possible  to  exercise 
an  eclectic  judgement,  using  however  the  greatest  care  to  shun  such 
a  composite  form  as  would  impair  the  unity  of  idea,  and  fail  of  the 
preponderant  merit  which  both  the  English  and  the  Grerman  forms 
may  claim,  in  being  consistent  developments  of  their  fundamental 
idea. 

All  this  seemed  not  impossible,  nor  indeed  did  it  seem  beyond  at- 
tainment to  combine  with  such  an  eclectic  form  sundry  new,  and  by 
no  means  unimportant,  additions.     This  has  been  the  endeavor,  and  it 
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remains  to  be  seen  how  sound  may  haye  been  the  foundation  for  these 
bopes  and  expectations. 

The  object-glass  is  from  material  furnished  by  Messrs.  Chance  Broth- 
ers, of  Birmingham,  and  made  under  the  supervision  of  Mr.  Masselin. 
It  was  my  earnest  desire  that  it  might  be  ground  and  worked  into  form  by 
some  one  of  our  own  accomplished  artists,  but  the  Berlin  mechanicians 
were  unwilling  to  entertain  any  proposition  of  the  kind,  —  desiring  to 
take  the  whole  responsibility,  if  any,  —  and  were  so  strenuous  that  I 
refrained  from  pressing  the  matter.  The  clear  aperture  is  ninety 
French  lines;  the  focal  length,  ten  English  feet 

Both  circles  are  divided,  and  capable  of  rotation  round  the  axis,  and 
they  are  read  by  means  of  four  microscopes  firmly  set  in  each  pier,  — 
horizontal,  not  converging,  although  the  divided  silver  limb  is  slightly 
obliqae  to  prevent  the  dazzling  image  of  the  lamp  from  blinding  the 
observer's  eye.  The  piers  being  two  feet  in  thickness,  and  the  mi- 
croscopes read  from  the  outer  side,  these  microscopes  are  not  far 
firom  twenty-five  inches  in  length,  —  a  circumstance  which  gives 
rise  to  various  not  unimportant  disadvantages ;  but  the  ingenuity  and 
skill  of  Mr.  Martins  have  surmounted  the  chief  of  these,  the  large 
amount  of  expansion  and  contraction  of  the  metal  due  to  changes  of 
temperature,  with  great  success,  by  leaving  the  metal  tubes  free  to 
extend  or  recede  without  hindrance,  and  without  affecting  either  the 
distance  of  the  lenses  or  their  fixity  in  the  stone. 

To  obviate  the  chief  disadvantages  of  attaching  the  microscopes  to 
the  piers,  namely,  those  arising  from  the  unequal  changes  in  the  piers 
themselves,  these  will  be  coated  with  oil,  or  some  other  preparation  for 
excluding  moisture,  wound  around  with  list  or  baize,  and  then  encased 
in  wood.  With  these  precautions,  I  am  very  confident  that  we  are 
justified  in  awaiting  from  this  more  massive  construction  greater  ad- 
vantages than  would  be  derived  from  the  metallic  connection  of  the 
microscopes,  although  continually  subjected  to  scrutiny  by  means  of 
the  attached  ether-level. 

The  circles  are  three  feet  in  diameter,  and  entirely  protected  on  the 
outer  side  by  the  piers.  They  are  of  the  form  which  long  experience 
has  recommended  to  Messrs.  Pistor  and  Martins  as  the  best,  —  not  too 
heavy  at  the  rim,  and  with  radial  arms  thickening  in  both  dimensions 
towards  the  centre.  The  screen-tubes  for  the  microscopes  draw  back 
automatically  as  soon  as  the  counterpoises  are  relieved  of  a  portion  of 
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their  burden,  and  it  is  thus  possible  to  ha?e  them  very  close  to  the 
circles,  when  in  use,  without  incurring  any  danger  of  injuring  die 
graduation  when  the  instrument  b  lifted  for  reversal. 

The  eye-piece  has  a  vertical  as  well  as  a  horizcmtal  motion ;  and 
the  diaphragm,  which  is  of  course  adapted  for  chronographic  observa- 
tion, is  provided  with  both  a  horizontal  and  a  vertical  micrometer,  — 
the  former  being  especially  intended  for  the  observation  of  polar  stars, 
according  to  the  method  recently  adopted  in  the  Paris  Observatory, 
and  which  Professor  Bache  had  investigated  in  1849. 

The  method  of  Hansen  for  measuring  and  eliminating  the  effect  of 
flexure  comes  from  an  authority  too  high,  and  commends  itself  too 
strongly,  to  justify  us  in  lightly  setting  it  aside.  But  advantages  en- 
tirely incompatible  with  its  employment  presented  themselves  in  such 
number  as  to  induce  me  to  accede  to  the  earnest  recomknendation  of 
the  artist,  and  abandon  the  original  plan  of  interchangeable  eye-piece 
and  object-glass.  Some  of  the  decisive  arguments,  briefly  expressed, 
are  the  following.  It  is  only  when  the  most  absolute  symmetry  has 
been  attained  in  every  part  of  the  tube  and  its  accessory  parts,  that 
the  flexure  is  absolutely  determined  in  this  manner ;  otherwise,  we 
obtain  the  measure  of  an  ideal,  not  a  real,  flexure.  Furthermore, 
not  only  is  the  formula  which  attributes  the  maximum  flexure  to  the 
horizontal  position,  and  makes  the  flexure  in  other  positions  a  simple 
function  of  the  altitude,  not  trustworthy,  but  I  will  not  hesitate  to  go 
farther,  and,  paradoxical  as  it  may  appear,  to  express  my  decided 
conviction  that  the  flexure  is  not  necessarily  a  maximum  for  the  hori- 
zon or  minimum  for  the  nadir  and  zenith,  and  that  in  almost  every  ex- 
isting instrument,  if  not  all,  the  flexure  is  unequal  for  the  same  altitude 
upon  different  sides  of  the  vertical.  The  interchange  of  object-glass 
and  eye-pieces  presupposes  either  the  absence  of  unsymmetrical  parts 
within  the  tube,  such  as  the  apparatus  for  illumination  and  the  shaib 
by  which  we  regulate  the  amount  of  light  admitted,  or  the  disconnec- 
tion of  these  from  their  gearing  or  screw-heads.  Indeed,  nothing  like 
the.  former  can  be  reasonably  demanded, — a  sacrifice  which  seems 
disproportionate  to  the  end  to  be  attained.  Moreover,  the  new  merid- 
ian-circle is  equipped  with  more  than  a  usual  amount  of  internal  mech- 
anism, although  the  arrangement  and  support  of  this  latter  has  been 
planned  with  an  especial  view  to  avoidance  of  any  prejudicial  eflect 
arising  from  unsymmetric  distribution  of  weight.    The  measurement 
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of  flexure  may  take  place  without  disturbing  the  adjustments  or  parts 
of  the  instrument,  by  some  apparatus  analogous  to  the  neat  and  practi- 
cal contrivance  of  Professor  Challis,  who  arranges  a  pair  of  collimators 
in  such  a  manner  that  they  are  used  in  connection  with  each  other  at 
any  desired  angle  of  altitude.  Moreover,  the  reversal  of  the  instru- 
ment admits  of  a  scrutiny  and  check  upon  the  determinations,  which 
provides  all  needful  safeguard  against  erroneous  results. 

The  circles  are  divided  to  2',  and  read  by  microscope  to  O'M. 
The  unit's  place  of  the  degree  is  always  visible  within  the  field  of  the 
microscope,  and  the  decades  of  degrees  are  engraved  upon  the  rim  of 
the  circle.     The  finders  read  to  10',  and  by  vernier  to  1'. 

The  axis  is  turned  within  as  well  as  without,  a  precaution  upon  which 
I  also  insisted  with  regard  to  the  tube.  The  cube  measures  thirteen 
inches  and  a  half  on  each  side,  and  the  pivots  are  two  inches  in  diam- 
eter. The  difiiculty  of  obtaining  a  satisfactory  and  suitably  homoge- 
neous piece  of  iron  for  the  axis  may  be  estimated  from  the  circumstance 
that  even  in  Berlin,  justly  renowned  as  is  that  city  for  knowledge  and 
skill  in  everything  pertaining  to  the  founding  of  iron,  three  successive 
castings  hacf  to  be  rejected  before  a  satisfactory  piece  could  be  ob- 
tained ;  and  even  then  it  became  necessary  to  deviate  from  the  original 
plan,  —  not,  however,  as  I  trust,  to  the  disadvantage  of  the  instrument 
The  weight  of  the  axis  is  about  350  pounds.  . 

The  illumination  is  entirely  by  gas,  the  light  designed  for  the  illumi- 
nation of  the  field  entering  by  one  pivot,  and  that  for  the  threads  by 
the  other.  Arrangements  are  made  for  illuminating  with  lights  of 
different  colors,  and  for  observing,  when  occasion  requires,  with  bright 
threads  upon  a  bright  field.  The  levels  are  boxed,  provided  with  air- 
chambers,  and  read  from  end  to  end,  not  from  the  middle  outwards. 

In  fine,  it  has  been  my  endeavor  to  incorporate  in  the  design  of  this 
instrument  the  principle, —  never  before  attained,  so  far  as  I  am  aware, 
— that  every  instrumental  correction,  without  exception,  should  be  capa- 
ble of  determination  by  two  entirely  distinct  and  independent  methods ; 
and  in  this  respect  also  to  combine  the  advantages  of  the  German  and 
the  English  forms.  And  I  may  claim  for  the  new  instrument  that  its 
errors  of  graduation,  its  errors  of  flexure,  collimation,  level,  azimuth 
and  nadir-point,  may  all  be  determined  by  two  separate  processes,  free 
from  any  dependence,  direct  or  indirect,  upon  each  other.  And  what- 
ever may  be  its  errors  of  construction  or  of  mounting,  there  is  no  fear 
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that  they  will  escape  detection  and  accurate  measurement.  So  earnest 
has  been  my  desire  to  lose  none  of-  the  advantages  on  either  side  of 
questions  upon  which  experienced  astronomers  differ  in  opinion,  that 
no  point  of  detail  has  been  deemed  too  minute  for  the  application  of 
this  idea  of  duality,  and  I  have  even  requested  the  artists  to  provide  one 
set  of  microscopes  with  crosses,  after  the  fashion  of  Troughton,  and 
the  other  with  close  parallel  threads,  according  to  the  custom  of  Rep- 
sold  and  the  almost  universal  usage  of  the  German  mechanicians. 

If  this  eclectic  spirit  shall  prove  to  have  been  successful  in  attaining 
its  ends  without  the  sacrifice  of  unity,  of  artistic  or  theoretic  elegance, 
of  convenience,  or  of  any  scientific  advantage,  the  care  and  labor  be- 
stowed upon  the  decision  of  the  principles  which  should  rule  its  design 
will  be  more  than  rewarded.  But  here,  as  in  all  instruments  of  a  high 
order,  it  is  the  mechanical  artist  to  whom  most  of  the  success  is  due, 
and  to  whose  refined  delicacy  of  judgment,  taste,  and  skill  we  must 
thank  the  chief  advances  of  modern  astronomy.  Bessel  once  said  that 
he  could  determine  the  place  of  a  star  with  a  musket-barrel  and  a  cart- 
wheel. Few  things  were  impossible  to  Bessel,  but  you  will  agree 
with  me  that  at  any  rate  even  a  Bessel  would  with  such  appliances 
hardly  have  determined  so  large  a  number  of  precise  star-positions  as, 
thanks  to  the  genius  of  Fraunhofer,  Reichenbach  and  Repsold,  are 
contained  in  those  noble  Konigsberg  volumes,  and  are  sufficient  to 
render  the  names  of  the  artist  and  the  astronomer  alike  immortal. 

It  is  my  privilege,  on  this  occasion,  to  become  the  organ  of  the 
Trustees  of  the  Observatory  in  announcing  that,  at  the  instigation  of 
the  Scientific  Council,  they  have  given  to  the  new  meridian-circle 
which  I  have  been  describing,  —  which,  in  the  grandeur  of  its  dimen- 
sions, is  rivaled  only  by  the  renowned  and  gigantic  transit-circle  of 
the  Royal  Observatory  at  Greenwich,  and  which,  as  we  are  trusting,  may 
prove  to  be  a  forward  step  in  instrumental  astronomy, — a  name  which 
will  render  the  exquisite  instrument  still  more  a  source  of  pride  to 
Albany  and  to  the  Dudley  Observatory, — a  name  full  of  associations  of 
disinterested  and  unassuming  liberality,  of  generous  public  spirit,  —the 
name  of  a  man  who  knows  no  guile,  a  citizen  of  large,  expanded  mind 
and  heart,  whose  efforts  have,  under  the  blessing  of  a  favoring  Provi- 
dence, resulted  in  an  affluence  by  which  all  around  him  are  made 
happy,  and  without  whose  constant  effort,  protecting  care,  and  wise 
counsel,  neither  this  instrument,  nor  the  Observatory  for  which  it  is 
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designed,  would  ever  haye  existed.  The  Trustees  have  authorized  me 
to  announce,  that,  in  token  of  their  respect  for  Thomas  W.  Olcott,  of 
Albany,  the  instrument  will  be  known  as  the  Olcott  Meridian-Circle, 
and  that  the  name  is  already  engraved  upon  the  telescope  at  Berlin. 

The  transit-instrument  is  similar  to  the  meridian-circle,  so  far  as 
the  latter  is  an  instrument  for  the  measurement  of  right  ascension.  It 
is  the  property  of  the  Coast  Survey  of  the  United  States,  whose  en- 
lightened chief  has  authorized  its  employment  at  the  Dudley  Observa- 
tory for  the  present.  The  object-glass  has  a  clear  aperture  of  72 
Fieoch  lines,  and  a  focal  length  of  8  feet 

In  both  these  instruments  the  Ys  are  so  constructed  that  the  level- 
arm  may  rest  upon  that  part  of  the  pivot  which  supports  the  instru- 
ment. 
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1.    On  Acoustics  applied  to  Pixblic  Buildings.    By  Professor 
Joseph  Henry,  of  Washington,  D.  C. 

At  the  meeting  of  the  American  Association  in  1854, 1  gave  a  ver- 
bal account  of  a  plan  of  a  lecture-room  adopted  for  the  Smithsonian 
hstitution,  with  some  remarks  on  Acoustics  as  applied  to  apartments 
intended  for  public  speaking.  At  that  time  the  room  was  not  fin- 
ished, and  experience  had  not  proved  the  truth  of  the  principles  on 
which  the  plan  had  been  designed.  Since  then  the  room  has  been 
employed  two  wmters  for  courses  of  lectures  to  large  audiences ;  and 
I  believe  it  is  the  general  opinion  of  those  who  have  been  present, 
that  the  arrangements  for  seeing  and  hearing,  considering  the  size 
of  the  apartment,  are  entirely  unexceptionable.  The  room  has  fully 
answered  all  the  expectations  which  were  formed  in  regard  to  it,  pre- 
vious to  its  construction.    The  origin  of  the  plan  was  as  follows. 

Professor  Bache  and  myself  had  directed  our  attention  to  the  sub- 
ject of  acoustics  as  applied  to  buildings,  and  had  studied  the  peculiari- 
ties in  this  respect  of  the  hall  of  the  House  of  Representatives,  when 
the  President  of  the  United  States  referred  to  us  for  examination  the 
plans  proposed  by  Captain  Meigs  of  the  Engineer  Corps,  U.  S.  A.,  for 
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the  rooms  about  to  be  constructed  under  his  direction  in  the  new  wings 
of  the  Capitol.  After  visiting  with  Captain  Meigs  the  principal  halls 
and  churches  of  the  cities  of  Philadelphia,  New  York,  and  Boston,  we 
reported  favorably  on  the  general  plans  proposed  by  him,  and  which 
were  subsequently  adopted. 

The  facts  which  we  have  collected  on  this  subject  may  be  referred 
to  a  few  well-established  principles  of  acoustics,  which  have  been  ap- 
plied in  the  construction  of  the  Smithsonian  lecture-room.  To  apply 
them  generally,  however,  in  the  construction  of  public  halls,  lequiied 
a  series  of  preliminary  experiments. 

In  a  very  small  apartment  it  is  an  easy  matter  to  be  heard  distinctly 
at  every  point ;  but  in  a  large  room,  unless  from  the  first,  in  the 
original  plan  of  the  building,  provision  be  made,  on  acoustic  principles, 
for  a  suitable  arrangement,  it  will  be  difficult,  and  indeed  in  most  cases 
impossible,  to  produce  the  desired  efiect  The  same  remark  may  be 
applied  to  lighting,  heatbg,  and  ventilation,  and  to  all  the  special  par* 
poses  to  which  a  particular  building  is  to  be  applied.  I  beg,  therefore, 
to  make  some  preliminary  remarks  on  the  architecture  of  buildings, 
bearing  upon  this  point,  which,  though  they  may  not  meet  with  uni- 
versal acceptance,  will,  I  trust,  commend  themselves  to  the  common 
sense  of  the  public  in  general. 

In  the  erection  of  a  building,  the  uses  to  which  it  is  to  be  applied 
should  be  clearly  understood,  and  provision  definitely  made,  in  the 
original  plan,  for  every  desired  object. 

Modem  architecture  is  not,  like  painting  or  sculpture,  a  fine  art, 
par  excellence.  The  object  of  these  latter  is  to  produce  a  moral  emo* 
tion,  —  to  awaken  the  feelings  of  the  sublime  and  the  beautiful ;  and 
we  greatiy  err  when  we  apply  their  productions  to  a  merely  utilita- 
rian purpos3.  To  make  a  fire-screen  of  Bubens^s  Madonna,  or  a 
candelabrum  of  the  Apollo  of  Belvidere,  would  be  to  debase  those 
exquisite  productions  of  genius,  and  do  violence  to  the  feelings  of 
the  cultivated  lover  of  art  Modem  buildings  are  made  for  other 
purposes  than  artistic  efiect,  and  in  them  the  SBsthetical  must  be  sab* 
ordinate  to  the  useful ;  though  the  two  may  coexist,  and  an  intellectual 
pleasure  be  derived  from  a  sense  of  adaptation  and  fitness,  combined 
with  a  perception  of  harmony  of  parts,  and  the  beauty  of  detail 

The  buildings  of  a  country  and  an  age  should  be  ethnological 
expressions  of  the  wants,  habits,  arts,  and  feelings  of  the  time  in 
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which  they  were  erected.  Those  of  Egypt,  Greece,  and  Rome  were 
intended,  at  least  in  part,  to  transmit  to  posterity,  without  the  art  of 
printing,  an  idea  of  the  character  of  the  periods  in  which  they  were 
erected.  It  was  hy  their  monuments  that  these  nations  sought  to  con- 
vey an  idea  of  their  religious  and  political  sentiment  to  future  ages. 

The  Greek  architect  was  untrammelled  by  any  condition  of  utility. 
Architecture  was  with  him  in  reality  a  fine  art.  The  temple  was 
formed  to  gratify  the  tutelar  deity.  Its  minutest  parts  were  exquisitely 
finished,  since  nothing  but  perfection  on  all  sides  and  in  the  smallest 
particulars  could  satisfy  an  all-seeing  and  critical  eye.  It  was  in- 
tended for  external  worship,  and  not  for  internal  use.  It  was  without 
windows,  entirely  open  to  the  sky,  or,  if  closed  with  a  roof,  the  light 
was  merely  admitted  through  a  large  door.  There  were  no  arrange- 
ments for  heating  or  ventilation.  The  uses,  therefore,  to  which,  in 
modem  times,  buildings  of  this  kind  can  be  applied,  are  exceedingly 
few ;  and  though  they  were  objects  of  great  beauty,  and  fully  realized 
the  intention  of  the  architect  by  whom  they  were  constructed,  yet 
they  cannot  be  copied  in  our  day  without  violating  the  principles 
which  should  govern  architectural  adaptation. 

Every  vestige  of  ancient  architecture  which  now  remains  on  the 
face  of  the  earth  should  be  preserved  with  religious  care ;  but  to  ser- 
vilely copy  these,  and  to  attempt  to  apply  them  to  the  uses  of  our  day, 
is  as  preposterous  as  to  endeavor  to  harmonize  the  refinement  and 
civilization  of  the  present  age  with  the  superstition  and  barbarity  of 
the  times  of  the  Pharaohs.  It  is  only  when  a  building  expresses  the 
dominant  sentiment  of  an  age,  when  a  perfect  adaptation  to  its  use  is 
joined  to  harmony  of  proportions  and  an  outward  expression  of  its 
character,  that  it  is  entitled  to  our  admiration.  It  has  been  aptly  said, 
that  it  is  one  thing  to  adopt  a  particular  style  of  architecture,  but  a 
very  different  one  to  adapt  it  to  the  purpose  intended. 

Architecture  should  change  not  only  with  the  character  of  the  peo- 
ple, and  in  some  cases  with  the  climate,  but  also  with  the  material  to 
be  employed  in  construction.  The  use  of  iron  and  of  glass  re- 
quires an  entirely  diflTerent  style  from  that  which  sprung  from  the 
rocks  of  Egypt,  the  masses  of  marble  with  which  the  lintels  of  the 
Grecian  temples  were  formed,  or  the  introduction  of  brick  by  the  Ro- 
mans. 

The  great  tenacity  of  iron,  and  its  power  of  resistance  to  crushing, 
11 
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should  suggest  for  it,  as  a  building  material,  a  far  more  slender  and  ap- 
parently lighter  arrangement  of  parts.  An  entire  building  of  iron, 
fashioned  in  imitation  of  stone,  might  be  erected  at  small  expense  of 
invention  on  the  part  of  the  architect,  but  would  do  little  credit  to  his 
truthfulness  or  originality.  The  same  may  be  said  of  our  modem 
pasteboard  edifices,  in  which,  with  their  battlements,  towers,  pinna- 
cles, *^  fretted  roofs  and  long  drawn  aisles,*^  cheap  and  transient  mag- 
nificence is  produced  by  painted  wood  or  decorated  plaster.  I  must 
not,  however,  indulge  in  remarks  of  this  kind,  but  must  curb  my  feel- 
ings on  the  subject,  since  I  speak  from  peculiar  experience. 

But  to  return  to  the  subject  of  acoustics,  as  applied  to  apartments 
intended  for  public  speaking.  While  sound,  in  connection  with  its 
analogies  to  light,  and  in  its  abstract  principles,  has  been  investi- 
gated within  the  last  fifty  years  with  a  rich  harvest  of  results,  few 
attempts  have  been  successfully  made  to  apply  these  principles  to 
practical  purposes.  Though  we  may  have  a  clear  conception  of  the 
simple  operation  of  a  law  of  nature,  yet  when  the  conditions  are  va- 
ried, and  the  actions  multiplied,  the  results  frequently  transcend  our 
powers  of  logic,  and  we  are  obliged  to  appeal  to  experiment  and  ob- 
servation to  assist  in  deducing  new  consequences,  as  well  as  to  verify 
those  which  have  been  arrived  at  by  mathematical  deduction.  Further- 
more, though  we  may  know  the  manner  in  which  a  cause  acts  to  pro- 
duce a  given  effect,  yet  in  all  cases  we  are  obliged  to  resort  to  actual 
experiment  to  ascertain  the  measure  of  efiect  under  given  conditions. 

The  science  of  acoustics  as  applied  to  buildings,  perhaps  more  than 
any  other,  requires  this  union  of  scientific  principles  with  experimen- 
tal deductions.  While,  on  the  one  hand,  the  application  of  simple 
deductions  from  the  established  principles  of  acoustics  would  be  un- 
safe from  a  want  of  knowledge  of  the  constants  which  enter  into  our 
formulae,  on  the  other  hand,  empirical  data  alone  are,  in  this  case, 
entirely  at  fault,  and  of  this  any  person  may  be  convinced  who  will 
examine  the  several  works  written  on  acoustics  by  those  who  aie 
deemed  practical  men. 

Sound  is  a  motion  of  matter  capable  of  afiecting  the  ear  with  a  sen- 
sation peculiar  to  that  organ.  It  is  not  in  all  cases  simply  a  motion  of 
the  air,  for  there  are  many  sounds  in  which  the  air  is  not  concerned ; 
for  example,  the  impulses  which  are  conveyed  along  a  rod  of  wood 
from  a  tuning-fork  to  the  teeth.     When  a  sound  is  produced  by  a 
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angle  impulse,  or  an  approximation  to  a  single  impulse,  it  is  called  a 
Doise ;  when  by  a  series  of  impulses,  a  continued  sound,  dec. ;  if 
the  impulses  are  equal  in  duration  among  themselves,  a  musical  sound. 
This  has  been  illustrated  by  a  quill  striking  against  the  teeth  of  a  wheel 
in  motion.  A  single  impulse  from  one  tooth  is  a  noise,  from  a  series 
of  teeth  in  succession  a  continued  sound ;  and  if  all  the  teeth  are  at 
equal  dbtances,  and  the  velocity  of  the  wheel  is  uniform,  then  a  musical 
note  »  the  result  Each  of  these  sounds  is  produced  by  the  human 
Toice,  though  they  apparently  run  into  each  other.  Usually,  however, 
in  speaking,  a  series  of  irregular  sounds  of  short  duration  are  emitted, 
—each  syllable  of  a  word  constitutes  a  separate  sound  of  appreciable 
duration,  and  each  compound  word  and  sentence  an  assemblage  of 
soch  sounds.  It  is  astonishing,  that,  in  listening  to  a  discourse,  the 
ear  can  receive  so  many  impressions  in  the  space  of  a  second,  and 
that  the  mind  can  take  cognizance  of  and  compare  them. 

That  a  certain  force  of  impulse,  and  a  certain  time  for  its  continu- 
ance, are  necessary  to  produce  an  audible  impression  on  the  ear,  is  evi* 
dent ;  but  it  may  be  doubted  whether  the  impression  of  a  sound  on  this 
organ  is  letuned  appreciably  longer  than  the  continuance  of  the 
impulse  itself ;  certainly  it  is  not  retained  the  ^th  of  a  second.  If 
this  were  the  case,  it  is  difficult  to  conceive  why  articulated  discourse, 
which  so  pre-eminently  distinguishes  man  from  the  lower  animals, 
sboold  not  fill  the  ear  with  a  monotonous  hum ;  but  whether  the  ear 
continues  to  vibrate,  or  whether  the  impression  remains  a  certain  time 
on  the  sensorium,  it  is  certain  that  no  sound  is  ever  entirely  instanta- 
neous, or  the  result  of  a  single  impression,  particularly  in  enclosed 
spaces.  The  impulse  is  not  only  communicated  to  the  ear,  but  to  all 
bodies  around,  which,  in  turn,  themselves  become  centres  of  reflected 
impalses.  Every  impulse  must  give  rise  to  a  forward,  and  afterwards 
to  a  return,  or  backward,  motion  of  the  atom. 

Soond  from  a  single  explosion  in  air,  equally  elastic  on  all  sides, 
tends  to  expand  equally  in  every  direction;  but  when  the  impulse 
i*  given  to  the  air  in  a  single  direction,  though  an  expansion  takes 
place  on  all  sides,  yet  it  is  much  more  intense  in  the  line  of  the  im- 
pulse. For  example,  the  impulse  of  a  smgle  explosion,  like  that  of 
tbe  detonation  of  a  bubble  of  oxygen  and  hydrogen,  is  propagated 
equally  in  all  directions,  while  the  discharge  of  a  cannon,  though 
beard  on  every  side,  is  much  louder  in  the  direction  of  the  axis ;  so  also 
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a  person  speaking  is  heard  much  more  distinctly  directly  in  front 
than  at  an  equal  distance  behind.  Many  experiments  have  been  made 
on  this  point,  and  I  may  mention  those  repeated  in  the  open  space  in 
front  of  the  Smithsonian  Institution.  In  a  circle,  100  feet  in  diame- 
ter, the  speaker  in  the  centre,  and  the  hearer  in  succession  at  different 
points  of  the  circumference,  the  voice  was  heard  most  distinctly  di- 
rectly in  front,  gradually  less  so  on  either  side,  until,  in  the  rear,  it 
was  scarcely  audible.  The  ratio  of  distance  for  distinct  hearing 
directly  in  front,  on  the  sides,  and  in  the  rear,  was  about  as  100, 75, 
and  30.  These  numbers  may  serve  to  determine  the  form  in  which  an 
audience  should  be  arranged  in  an  open  field,  in  order  that  those  on 
the  periphery  of  the  space  may  all  have  a  like  favorable  opportunity 
of  hearing,  though  it  should  not  be  recommended  as  the  interior  fonn 
of  an  apartment,  in  which  a  reflecting  wall  would  be  behind  the 
speaker. 

The  impulse  producing  sound  requires  time  for  its  propagation,  and 
this  depends  upon  the  intensity  of  repubion  between  the  atoms,  and, 
secondly,  on  the  specific  gravity  of  the  matter  itself.  If  the  medium 
were  entirely  rigid,  sound  would  be  propagated  instantaneously; 
the  weaker  the  repulsion  between  the  atoms,  the  greater  will  be  the 
time  required  to  transmit  the  motion  from  one  to  the  other ;  and  the 
heavier  the  atoms,  the  greater  will  be  the  time  required  for  the  action 
of  a  given  force  to  produce  in  them  a  given  amount  of  motion. 
Sound  also,  in  meeting  an  object,  is  reflected  in  accordance  with  the 
law  of  light,  making  the  angle  of  incidence  equal  to  the  angle  of  re- 
flection. The  tendency,  however,  to  divergency  in  a  single  beam  of 
sound,  appears  to  be  much  greater  than  in  the  case  of  light  The  law, 
nevertheless,  appears  to  be  definitely  followed  in  the  case  of  all 
beams  that  are  reflected  in  a  direction  near  the  perpendicular.  It  is 
on  the  law  of  propagation  and  reflection  of  sound  that  the  philosophy 
of  echo  depends.  Knowing  the  velocity  of  sound,  it  is  an  easy  matter 
to  calculate  the  interval  of  time  which  must  elapse  between  the  original 
impulse  and  the  return  of  the  echo.  Soimd  moves  at  the  rate  of  1125 
feet  in  a  second,  at  the  temperature  of  60®.* 


*  From  the  average  of  all  the  experimentSi  according  to  Sir  John  Herschel,  the 
velocity  of  sound  is  1090  feet  at  the  temperatnre  of  32<',  and  this  is  increased  l.U 
feet  for  every  degree  of  temperature  of  Fahrenheit's  scale. 
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If,  therefore,  we  stand  at  half  this  distance  before  a  wall,  the  echo 
will  return  to  us  in  one  second.  It  is,  however,  a  fact  known  from 
universal  experience,  that  no  echo  is  perceptible  from  a  near  wall, 
though  in  all  cases  one  must  be  sent  back  to  the  ear.  The  reason  of 
this  is,  that  the  ear  cannot  distinguish  the  difference  between  similar 
sounds,  as,  for  example,  that  from  the  original  impulse  and  its  reflec- 
tion, if  they  follow  each  other  at  less  than  a  given  interval,  which  can 
only  be  determined  by  actual  experiment ;  and  as  this  is  an  important 
element  in  the  construction  of  buildings,  the  attempt  was  made  to  de- 
termine it  with  some  considerable  degree  of  accuracy.  For  this  pur- 
pose the  observer  was  placed  immediately  in  front  of  the  wall  of  the 
west  end  of  the  Smithsonian  building,  at  the  distance  of  100  feet ;  the 
bands  were  then  clapped  together.  A  distinct  echo  was  perceived ;  the 
diflerence  between  the  time  of  the  passage  of  the  impulse  from  the  hand 
to  the  ear,  and  that  from  the  hand  to  the  wall  and  back  to  the  ear,  was 
sufficiently  great  to  produce  two  entirely  distinct  impressions.  The 
observer  then  gradually  approached  the  building,  until  no  echo  or  per- 
ceptible prolongation  of  the  sound  was  observed.  By  accurately  meas- 
uring this  distance,  and  doubling  it,  we  find  the  interval  of  space 
within  which  two  sounds  may  follow  each  other  without  appearing 
separately.  But  if  two  rays  of  sound  reach  the  ear  aAer  having  passed 
through  distances  the  difference  between  which  is  greater  than  this, 
tbey  produce  the  effect  of  separate  sounds.  This  distance  we  have 
called  the  limit  of  perceptibility  in  terms  of  space.  If  we  convert  this 
distance  into  the  velocity  of  sound,  we  ascertain  the  limit  of  percepti- 
bility in  time. 

In  the  experiment  first  made  with  the  wall,  a  source  of  error  was 
discovered  in  the  fact  that  a  portion  of  the  sound  returned  was  reflected 
from  the  cornice  under  the  eaves,  and  as  this  was  at  a  greater  dis- 
tance than  the  part  of  the  wall  immediately  perpendicular  to  the  ob- 
server, the  moment  of  the  cessation  of  the  echo  was  less  distinct  In 
subsequent  experiments  with  a  louder  noise,  the  reflection  was 
observed  from  a  perpendicular  surface  of  about  12  feet  square,  and 
from  this  more  definite  results  were  obtained.  The  limit  of  the  dis- 
tance in  this  case  was  about  30  feet,  varying  slightly,  perhaps,  with 
the  intensity  of  the  sound  and  the  acuteness  of  different  ears.  This 
will  give  about  the  sixteenth  part  of  a  second  as  the  limit  of  time  neces- 
sary for  the  ear  to  separately  distinguish  two  similar  sounds.  From 
11* 
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this  experiment  we  learn  that  the  reflected  sound  may  tend  to  strength- 
en the  impression,  or  to  confuse  it,  according  as  the  difference  of  time 
between  the  two  impressions  is  greater  or  less  than  the  limit  of  percep- 
tibility.  An  application  of  the  same  principle  gives  us  the  explanation 
of  some  phenomena  of  sound  which  have  been  considered  mysterious. 
Thus,  in  the  reflection  of  an  impulse  from  the  edge  of  a  forest  of 
trees,  each  leaf  properly  situated  within  a  range  of  30  feet  of  the 
front  plane  of  reflection  will  conspire  to  produce  a  distinct  echo,  and 
these  would  form  the  principal  part  of  the  reflecting  surfaces  of  a 
dense  forest,  for  the  remainder  would  be  screened ;  and  being  at  a 
greater  distance,  any  ray  which  might  come  from  them  would  serve 
to  produce  merely  a  low  continuation  of  the  sound. 

On  the  same  principle,  we  may  at  once  assert  that  the  panelling  of 
a  room,  or  even  the  introduction  of  reflecting  surfaces  at  different  dis- 
tances, will  not  prevent  the  echo,  provided  they  are  in  parallel  planes, 
and  situated,  relatively  to  each  other,  within  the  limit  of  perceptibility. 

Important  advantage  may  be  taken  of  the  principle  of  reflection  of 
sound  by  the  proper  arrangement  of  the  reflecting  surfaces  behind  the 
speaker.  We  frequently  see  in  churches,  as  if  to  diminish  the  effect 
of  the  voice  of  the  preacher,  a  mass  of  drapery  placed  directly  in  the 
rear  of  the  pulpit.  However  important  this  may  be  in  an  sesthetical 
point  of  view,  it  is  certainly  at  variance  with  <;orrect  acoustic  arrange- 
ments,—  the  great  object  of  which  should  be  to  husband  every  articu- 
lation of  the  voice,  and  to  transmit  it  unmingled  with  other  impulses, 
and  with  as  little  loss  as  possible,  to  the  ears  of  the  audience. 

Another  effect  of  the  transmission  and  reflection  of  sound  is  that 
which  is  caljed  reverberation,  which  consists  of  a  prolonged  musical 
sound,  and  is  much  more  frequently  the  cause  of  indistinctness  of  per- 
ception of  the  articulations  of  the  speaker  than  the  simple  echo. 

Reverberation  is  produced  by  the  repeated  reflection  of  a  sound  from 
the  walls  of  the  apartment.  If,  for  example,  a  single  detonation  takes 
place  in  the  middle  of  a  long  hall  with  naked  and  perpendicular  wallS) 
an  impulse  will  pass  in  each  direction,  will  be  reflected  from  the  walls, 
cross  each  other  again  at  the  point  of  origin,  be  again  reflected,  and  so 
on  until  the  original  impulse  is  entirely  absorbed  by  the  solid  materials 
which  confine  it.  The  impression  will  be  retained  upon  the  ear  during 
the  interval  of  the  transmission  past  it  of  two  successive  waves,  and  thus 
a  continued  sound  will  be  kept  up,  particularly  if  the  walls  of  any  part 
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of  the  room  are  within  80  feet  of  the  ear.  If  a  series  of  impulses, 
such  as  that  produced  by  the  rapid  snaps  of  a  quill  agamst  the  teeth 
of  a  wheel,  be  made  in  unison  with  the  echoes,  a  continued  musi- 
cal sound  will  be  the  result.  Suppose  the  wheel  to  be  turned  with 
such  Telocity  as  to  cause  a  snap  at  the  very  instant  the  return  echo 
passes  the  point  at  which  the  apparatus  is  placed,  the  second  sound 
will  combine  with  the  first,  and  thus  a  loud  and  sustained  vibration  will 
be  produced.  It  will  be  evident  from  this  that  every  room  has  a  key- 
note, and  that,  to  an  instrument  of  the  proper  pitch,  it  will  resound  with 
great  force.  It  must  be  apparent,  also,  that  the  continuance  of  a  sin- 
gle sound,  and  the  tendency  to  confusion  in  distinct  perception,  will 
depend  on  several  conditions  ;  —  first,  on  the  size  of  the  apartment ; 
secondly,  on  the  strength  of  the  sound  or  the  intensity  of  the  impulse  ; 
thirdly,  on  the  position  of  the  reflecting  surfaces ;  and  fourthly,  on  the 
nature  of  the  material  of  the  reflecting  surfaces. 

In  regard  to  the  first  of  these, —  the  larger  the  room,  the  longer 
time  will  be  required  for  the  impulse  along  the  axis  to  reach  the  wall ; 
and  if  we  suppose  that  at  each  collision  a  portion  of  the  original  force 
is  absorbed,  it  will  require  double  the  time  to  totally  extinguish  it  in  a 
room  of  double  the  size,  because,  the  velocity  of  sound  being  the 
same,  the  number  of  collisions  in  a  given  time  will  be  inversely  as  the 
distance  through  which  the  sound  has  to  travel. 

Again,  that  it  must  depend  upon  the  loudness  of  the  sound,  or  the 
intensity  of  the  impulse,  must  be  evident,  when  we  consider  that  the 
cessation  of  the  reflections  is  due  to  the  absorption  of  the  walls,  or  to 
irregular  reflection,  and  that,  consequently,  the  greater  the  amount  of 
original  disturbance,  the  longer  will  be  the  time  required  for  its  com- 
plete extinction.  This  principle  was  abundantly  shown  by  our  obser- 
vations on  diflerent  rooms. 

Thirdly,  the  continuance  of  the  resonance  will  depend  upon  the  po- 
sition of  the  reflecting  surfaces.  If  these  are  not  parallel  to  each 
other,  but  oblique,  so  as  to  reflect  the  sound,  not  to  the  opposite,  but  to 
the  adjacent  wall,  without  passing  through  the  longer  axis  of  the  room, 
it  will  evidently  be  sooner  absorbed.  Any  obstacle,  also,  which  may 
lend  to  break  up  the  wave,  and  interfere  with  the  reflection  through  the 
axis  of  the  room,  will  serve  to  lessen  the  resonance  of  the  apartment. 
Hence,  though  the  panelling,  the  ceiling,  and  the  introduction  of  a 
variety  of  oblique  surfaces,  may  not  prevent  an  isolated  echo,  provided 
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the  distance  be  sufficiently  great,  and  the  sound  sufficiently  loud,  yet 
that  they  do  have  an  important  effect  in  stopping  the  resonance  is  evi- 
dent from  theory  and  experiment  In  a  room  50  feet  square,  in  which 
the  resonance  of  a  single  intense  sound  continued  six  seconds,  when 
cases  and  other  objects  were  placed  around  the  wall,  its  continuance 
was  reduced  to  two  seconds. 

Fourthly,  the  duration  of  the  resonance  will  depend  upon  the  nature 
of  the  material  of  the  wall.  A  reflection  always  takes  place  at  the  sur- 
face of  a  new  medium,  and  the  amount  of  this  will  depend  upon  the 
elastic  force  or  power  to  resist  compression  and  the  density  of  the  new 
medium.  For  example,  a  wall  of  nitrogen,  if  such  could  be  found, 
would  transmit  nearly  the  whole  of  a  wave  of  sound  in  air,  and  reflect 
but  a  very  small  portion  ;  a  partition  of  tissue-paper  would  produce 
nearly  the  same  effect.  A  polished  wall  of  steel,  however,  of  suffi- 
cient thickness  to  prevent  yielding,  would  reflect,  for  practical  pu^ 
poses,  all  the  impulses  through  the  air  which  might  fall  upon  it  The 
rebound  of  the  wave  is  caused,  not  by  the  oscillation  of  the  wall,  but  by 
the  elasticity  and  mobility  of  the  air.  The  striking  of  a  single  ray  of 
sound  against  a  yielding  board  would  probably  increase  the  loudness 
of  the  reverberation,  but  not  its  continuance.  On  this  point  a  series  of 
experiments  were  made  by  the  use  of  the  tuning-fork.  In  this  instru- 
ment, the  motion  of  the  foot  and  of  the  two  prongs  gives  a  sonorous 
vibration  to  the  air,  which,  if  received  upon  another  tuning-fork  of 
precisely  the  same  size  and  form,  would  reproduce  the  same  vibrations. 

It  is  a  fact  well  established  by  observation,  that  when  two  bodies  are 
in  perfect  unison,  and  separated  from  each  other  by  a  space  filled  with 
air,  vibrations  of  the  one  will  be  transmitted  to  the  other.  From  this 
consideration,  it  is  probable  that  relatively  the  same  effect  ought  to 
be  produced  in  transmitting  immediately  the  vibration  of  a  tuning-foik 
to  a  reflecting  body,  as  to  duration  and  intensity,  as  in  the  case  of 
transmission  through  air.  This  conclusion  is  strengthened  by  floating 
a  flat  piece  of  wood  on  water  in  a  vessel  standing  upon  a  sounding- 
board  ;  placing  a  tuning-fork  on  the  wood,  the  vibrations  will  be  trans- 
mitted to  the  board  through  the  water,  and  sounds  will  be  produced  of 
the  same  character  as  those  emitted  when  the  tuning-fork  is  placed  di-« 
rectly  upon  the  board. 

A  tuning-fork  suspended  from  a  fine  cambric  thread,  and  vibrated 
in  air,  was  found,  from  the  mean  of  a  number  of  experiments,  to  con- 
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tJDue  in  motion  252  seconds.  In  this  experiment,  had  the  tuning-foric 
been  in  a  perfect  vacuum,  suspended  without  the  use  of  a  string,  and, 
further,  had  there  heen  no  ethereal  medium,  the  agitation  of  which 
would  give  rise  to  light,  heat,  electricity,  or  some  other  form  of  ethe- 
real motion,  the  fork  would  have  continued  its  vibration  for  ever. 

The  fork  was  next  placed  upon  a  large,  thin  pine  board,  —  the  top 
of  a  table.  A  loud  sound  in  this  case  was  produced,  which  continued 
less  than  ten  seconds.  The  whole  table  as  a  system  was  thrown  into 
motion,  and  the  sound  produced  was  as  loud  on  the  under  side  as  on 
the  upper  side.  Had  the  tuning-fork  been  placed  against  a  partition  of 
this  material,  a  loud  sound  would  have  been  heard  in  the  adjoining 
room ;  and  this  was  proved  by  sounding  the  tuning-fork  against  a  door 
leading  into  a  closed  closet  The  sound  within  was  apparently  as 
loud  as  that  without 

The  rapid  decay  of  sound  in  this  case  was  produced  by  so  great  an 
amount  of  the  motive  power  of  the  fork  being  communicated  to  a  large 
mass  of  wood.  The  increased  sound  was  due  to  the  increased  surface. 
In  other  words,  the  shortness  of  duration  was  compensated  •  for  by  the 
greater  intensity  of  effect  produced. 

The  tuning-fork  was  next  placed  upon  a  circular  slab  of  marble, 
about  three  feet  in  diameter  and  three  quarters  of  an  inch  thick.  The 
sound  emitted  was  feeble,  and  the  undulations  continued  one  hundred 
and  fifteen  seconds,  as  deduced  from  the  mean  of  six  experiments. 

In  all  these  experiments,  except  the  one  in  a  vacuum,  the  time  of  the 
cessation  of  the  motion  of  the  tuning-fork  was  determined  by  bringing 
the  mouth  of  a  resounding  cavity  near  the  end  of  the  fork ;  this  cavity, 
haviog  previously  been  adjusted  to  unison  with  the  vibrations  of  the 
fork,  gave  an  audible  sound  when  none  could  be  heard  by  the  un- 
aided ear. 

The  tuning-fork  was  next  placed  upon  a  cube  of  India-rubber,  and 
this  upon  the  marble  slab.  The  sound  emitted  by  this  arrangement 
was  scarcely  greater  than  in  the  case  of  the  tuning-fork  suspended 
from  the  cambric  thread,  and,  from  the  analogy  of  the  previous  exper- 
iments, we  might  at  first  thought  suppose  the  time  of  duration  would 
be  great ;  but  this  was  not  the  case.  The  vibrations  continued  only 
about  forty  seconds.  The  question  may  here  be  asked.  What  became 
of  the  impulses  lost  by  the  tuning-fork  ?  They  were  neither  transmit- 
ted through  the  India-rubber,  nor  given  off  to  the  air  in  the  form  of 
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sound,  but  were  probably  expended  in  producing  a  change  in  the  mat- 
ter of  the  India-rubber,  or  were  converted  into  heat,  or  both.  Though 
the  inquiry  did  not  fall  strictly  within  the  line  of  this  series  of  investi- 
gations, yet  it  was  of  so  interesting  a  character  in  a  physical  point  of 
view  to  determine  whether  heat  was  actually  produced,  that  the  follow- 
ing experiment  was  made. 

A  cylindrical  piece  of  India-rubber,  about  an  inch  and  a  quarter  io 
diameter,  was  placed  in  a  tubulated  bottle  with  two  openings,  one  near 
the  bottom  and  the  other  at  the  top.  A  stuffing-box  was  attached  to 
the  upper,  through  which  a  metallic  stem,  with  a  circular  foot  to  press 
upon  the  India-rubber,  was  made  to  pass  air-tight.  The  lower  tubular 
was  closed  with  a  cork,  in  a  perforation  of  which  a  fine  glass  tube  was 
cemented.  A  small  quantity  of  red  ink  was  placed  in  the  tube  to 
serve  as  an  index.  The  whole  arrangement  thus  formed  a  kind  of  air- 
thermometer,  which  would  indicate  a  certain  amount  of  change  of 
temperature  in  the  enclosed  air.  On  the  top  of  the  stem,  the  tuning- 
fork  was  screwed,  and  consequently  its  vibrations  were  transmitted  to 
the  rubber  within  the  bottle.  The  glass  was  surrounded  with  several 
coatings  of  flannel,  to  prevent  the  influence  of  external  temperature. 
The  tuning-fork  was  then  sounded,  and  the  vibrations  were  kept  up 
for  some  time.  No  reliable  indications  of  an  increase  of  temperature 
were  observed.  A  more  delicate  method  of  making  the  experiment 
next  suggested  itself.  The  tube  containing  the  drop  of  red  ink,  with 
its  cork,  was  removed,  and  the  point  of  a  compound  wire  formed  of 
copper  and  iron  was  thrust  into  the  substance  of  the  rubber,  while  the 
other  ends  of  the  wire  were  connected  with  a  delicate  galvanometer. 
The  needle  was  sufiered  to  come  to  rest,  the  tuning-fork  was  then  vi- 
brated, and  its  impulses  transmitted  to  the  rubber.  A  very  percept- 
ible increase  of  temperature  was  the  result.  The  needle  moved 
through  an  arc  of  from  one  to  two  and  a  half  degrees.  The  experi- 
ment was  varied,  and  many  times  repeated ;  the  motions  of  the  needle 
were  always  in  the  same  direction,  namely,  in  that  which  was  pro- 
duced when  the  point  of  the  compound  wire  was  heated  by  momen* 
tary  contact  with  the  fingers.  The  amount  of  heat  generated  in  this 
way  is,  however,  small,  and  indeed,  in  all  cases  in  which  it  is  gen- 
erated by  mechanical  means,  the  amount  evolved  appears  very  small 
in  comparison  with  the  labor  expended  in  producing  it.  Jule  has 
shown  that  the  mechanical  energy  generated  in  a  pound  weight,  by 
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filling  through  a  space  of  seven  hundred  and  fiAy  feet,  elevates  the 
temperature  of  a  pound  of  water  one  degree. 

It  is  evident  that  an  object  like  India-rubber  actually  destroys  a  por- 
tion of  the  sound,  and  hence,  in  cases  in  which  entire  non-conduction 
is  required,  this  substance  can  probably  be  employed  with  perfect  suc- 
cess. ' 

The  tuning-fork  was  next  pressed  upon  a  solid  brick  wall,  and  the  du- 
ration of  vibration  from  a  number  of  trials  was  eighty-eight  seconds. 
Against  a  wall  of  lath  and  plaster  the  sound  was  louder,  and  contin- 
ued only  eighteen  seconds. 

From  these  experiments  we  may  infer  that,  if  a  room  were  lined 
with  wainscot  of  thin  boards,  and  a  space  left  between  the  wall  and 
the  wood,  the  loudness  of  the  echo  of  a  single  noise  would  be  in- 
creased, while  the  duration  of  the  resonance  would  be  diminished.  If, 
however,  the  thin  board  were  glued  or  cemented  in  solid  connection 
to  the  wall,  or  embedded  in  the  mortar,  then  the  efiect  would  be  a  fee- 
Ue  echo,  and  a  long  continued  resonance,  similar  to  that  from  the  slab 
of  marble.  This  was  proved  by  first  determining  the  length  of  contin- 
uance of  the  vibrations  of  a  tuning-fork  on  f^  thin  board,  which  was 
afterwards  cemented  to  a  flat  piece  of  marble. 

A  series  of  experiments  were  next  commenced  with  reference  to 
the  actual  reflection  of  sound.  For  this  purpose  a  parabolic  mirror 
was  employed,  and  the  sound  from  a  watch  received  on  the  mouth  of 
a  bearing-trumpet,  furnished  with  a  tube  for  each  ear.  The  focus 
was  near  the  apex  of  the  parabola,  and  when  the  watch  was  sus- 
pended at  this  point,  it  was  six  inches  within  the  plane  of  the  outer 
circle  of  the  murror.  In  this  case  the  sound  was  confined  at  its  origin, 
and  prevented  from  expanding.  No  conjugate  focus  was  produced, 
bat,  on  the  contrary,  the  rays  of  light,  when  a  candle  was  introduced, 
constantly  diverged.  The  ticking  of  the  watch  could  not  be  heard  at 
all  when  the  ear  \vas  applied  to  the  outside  of  the  mirror,  while  di- 
rectly in  front  it  was  distinctly  heard  at  the  distance  of  thirty  feet,  and 
widi  the  assistance  of  the  ear-trumpet,  at  more  than  double  that  dis- 
tance. When  the  watch  was  removed  from  the  focus,  the  sound 
ceased  to  be  audible.  This  method  of  experimenting  admits  of  con- 
siderable precision,  and  enables  us  directly  to  verify,  by  means  of 
floond  transmitted  through  air,  the  results  anticipated  in  the  previous 
experiments.    A  piece  of  tissue-paper  placed  within  the  mirror,  and 
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surrounding  the  watch  without  touching  it,  slightly  diminished  the  re- 
flection. A  single  curtain  of  flannel  produced  a  somewhat  greater 
effect,  though  the  reflecting  power  of  the  metallic  parabola  was  not 
entirely  masked  by  three  thicknesses  of  flannel ;  and,  I  presume,  very 
little  change  would  have  been  perceived,  had  the  reflector  been  lined 
with  flannel  glued  to  the  surface  of  the  metal.  The  sound  was  also 
audible  at  the  distance  of  ten  feet,  when  a  large  felt  hat,  without  stif- 
fening, was  interposed  between  the  watch  and  the  mirror.  Care  was 
taken  in  these  experiments  so  to  surround  the  watch,  that  no  ray  of 
sound  could  pass  directly  from  it  to  the  reflecting  surface. 

With  a  cylindrical  mirror,  having  a  parabolic  base,  very  little  in- 
creased reflection  was  perceived.  The  converging  beams  in  this  case 
were  merely  in  a  single  plane,  perpendicular  to  the  mirror,  and  pass- 
ing through  the  ear,  while  to  the  focal  point  of  the  spherical  minfor 
a  solid  cone  of  rays  was  sent. 

The  reflection  from  the  cylindrical  mirror  forms  what  is  called  a 
caustic  in  optics,  while  that  from  a  spherical  mirror  gives  a  true  focus, 
or,  in  other  words,  collects  the  sounds  from  all  parts  of  the  surface,  and 
conveys  them  to  one  point  of  space.  These  facts  furnish  a  ready  ex- 
planation of  the  confusion  experienced  in  the  Hall  of  Representatives, 
which  is  surmounted  by  a  dome,  the  under  surface  of  which  acts  as  an 
immense  concave  mirror,  reflecting  to  a  focus  every  sound  which  as- 
cends to  it,  leaving  other  points  of  space  deficient  in  sonorous  im- 
pulses. 

Water,  and  all  liquids  which  offer  great  resistance  to  compression, 
are  good  reflectors  of  sound.  This  may  be  shown  by  the  following 
experiment.  When  water  is  gradually  poured  into  an  upright  cylin- 
drical vessel,  over  the  mouth  of  which  a  tuning-fork  is  vibrated,  until 
it  comes  within  a  certain  distance  of  the  mouth,  it  will  reflect  an 
echo  in  unison  with  the  vibrations  of  the  fork,  and  produce  a  loud 
resonance.  This  result  explains  the  fact,  which  had  been  observed 
with  some  surprise,  that  the  duration  of  the  resonmice  of  a  newly  plas- 
tered room  was  not  perceptibly  less  than  that  of  one  which  had  been 
thoroughly  dried. 

There  is  another  principle  of  acoustics  which  has  a  bearing  on  this 
subject.  I  allude  to  the  refraction  of  sound.  It  is  well  known  that, 
when  a  ray  of  sound  passes  from  one  medium  to  another,  a  change  in 
velocity  takes  place,  and  consequently  a  change  in  the  direction  or  a 
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refraction,  must  be  produced.  The  amount  of  this  can  readily  be  cal- 
culated where  the  relative  velocities  are  known.  In  rooms  heated  by 
frimaces,  and  in  which  streams  of  heated  air  pass  up  between  the  au- 
dience and  speaker,  a  confusion  has  been  supposed  to  be  produced,  and 
distinct  hearing  interfered  with,  by  this  cause.  Since  the  velocity  of 
sound  in  air  at  32**  of  Fahrenheit  has  been  found  to  be  1090  feet  in  a 
second,  and  since  the  velocity  increases  1.14  feet  for  every  degree  of 
Fahrenheit's  scale,  if  we  know  the  temperature  of  the  room,  and  that 
of  the  heated  current,  the  amount  of  angular  refraction  can  be  ascer- 
tained. But  since  the  ear  does  not  readily  judge  of  the  difference  of 
direction  of  two  sounds  emanating  from  the  same  source,  and  since 
two  rays  do  not  confuse  the  impression  which  they  produce  upon  the 
ear,  though  they  arrive  by  very  different  routes,  provided  they  are 
within  the  limit  of  perceptibility,  we  may  therefore  conclude  that  the 
indistinctness  produced  by  refraction  is  comparatively  little.  Professor 
Bache  and  myself  could  perceive  no  difference  in  distinctness  in  hear- 
ing from  rays  of  sound  passing  over  a  chandelier  of  the  largest  size, 
in  which  a  large  number  of  gas  jets  were  in  full  combustion.  The 
fact  of  disturbance  from  this  cause,  however,  if  any  exist,  may  best  be 
determined  by  the  experiment  with  a  parabolic  mirror  and  the  hearing- 
trampet  before  described. 

These  researches  may  be  much  extended  :  they  open  a  field  of  in- 
vestigation equally  interesting  to  the  lover  of  abstract  science  and  to 
the  practical  builder;  and  I  hope,  in  behalf  of  the  committee,  to  give 
some  further  facts  with  regard  to  this  subject  at  another  meeting. 

I  will  now  briefly  describe  the  lecture-room  which  has  been  con- 
structed in  accordance  with  the  facts  and  principles  previously  stated, 
so  far  at  least  as  they  could  be  applied. 

There  was  another  object  kept  in  view  in  the  construction  of  this 
room  besides  the  accurate  hearing,  namely,  the  distinct  seeing.  It  was 
desirable  that  every  person  should  have  an  opportunity  of  seeing  the 
experiments  which  might  be  performed,  as  well  as  of  hearing  distinctly 
the  explanation  of  them. 

By  a  fortunate  coincidence  of  principle,  it  happens  that  the  arrange- 
ments for  insuring  unobstructed  jsight  do  not  interfere  with  those 
necessary  for  distinct  hearing. 

The  law  of  Congress  authorizing  the  establishment  of  the  Smith- 
sonian Institution  directed  that  a  lecture-room  should  be  provided ;  and 
12 
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accordingly  in  the  first  plan  one  half  of  the  first  story  of  the  main 
building  was  devoted  to  this  purpose.  It  was  found,  however,  impos- 
sible to  construct  a  room  on  acoustic  principles  in  this  part  of  the 
building,  which  was  necessarily  occupied  by  two  rows  of  columns. 
The  only  suitable  place  which  could  be  found  was  therefore  on  the 
second  floor.  The  main  building  is  two  hundred  feet  long  and  fifty 
feet  wide ;  but  by  placing  the  Iecture*room  in  the  middle  of  the  story 
a  greater  width  was  obtained  by  means  of  the  projectmg  towers.  The 
general  form  and  arrangement  of  the  room  will  be  understood  from  the 
accompanying  drawing. 

It  is  one  hundred  feet  from  A  to  B,  and  on  the  ground  floor  seventy- 
five  feet  from  C  to  D.  E  F  represents  a  small  gallery  in  a  prcjection 
into  the  rear  tower.  The  main  gallery  is  in  the  form  of  a  horseshoe, 
and  occupies  three  sides  of  the  room.  The  speaker's  platform  is  placed 
between  two  oblique  walls,  H  I  J  K.  The  comers  of  the  room  which 
are  cut  ofi*  by  these  walls  aflford  recesses  for  the  stairs  hato  the  galleries. 
The  opposite  comers  are  also  partitioned  ofl*,  so  as  to  afibrd  recesses 
for  the  same  purpose. 

The  ceiling  is  twenty-five  feet  high,  and  therefore  within  the  limit 
of  perceptibility.  It  is  perfectly  smooth  and  unbroken,  with  the  ex- 
ception of  an  oval  opening  nearly  over  the  speaker's  platform,  through 
which  light  is  admitted. 

The  seats  are  arranged  in  curves,  and  were  intended  to  rise  in 
accordance  with  the  panoptic  curvCy  originally  proposed  by  Profes- 
sor Bache,  which  enables  each  individual  to  see  over  the  head  of  the 
person  immediately  in  front  of  him.  The  original  form  of  the  room, 
however,  did  not  allow  of  this  intention  being  fully  realized,  and 
therefore  the  rise  is  somewhat  less  than  the  curve  would  indicate. 
The  general  appearance  of  the  room  is  somewhat  fan-shaped,  and  the 
speaker  is  placed  as  it  were  in  the.  mouth  of  an  immense  trumpet 
The  sound  directly  from  his  voice,  and  that  from  reflection  immediately 
behind  him,  is  thrown  forward  upon  the  audience ;  and  as  the  difier 
ence  of  distance  travelled  by  the  two  rays  is  much  within  the  limit 
of  perceptibility,  no  confusion  is  produced  by  direct  and  reflected 
sound. 

No  echo  is  given  oflT  from  the  ceiling,  for  this  is  also  within  the  limit 
of  perceptibility,  while  it  assists  the  hearing  in  the  gallery  by  the  re- 
flection to  that  place  of  the  oblique  rays. 


PHYSICS  AND  CHEMISTRY.  135 

Again,  on  account  of  the  oblique  walls  behind  the  speaker,  and  the 
maltitude  of  surfaces,  including  the  gallery,  pillars,  stair-screens,  &c., 
as  well  as  the  audience,  directly  in  front,  all  reverberation  is  stopped. 

The  walls  behind  the  speaker  are  composed  of  lath  and  plaster,  and 
therefore  have  a  tendency  to  give  a  more  intense,  though  less  pro- 
longed, sound  than  if  of  solid  masonry.  They  are  also  intended  for 
exhibiting  drawings  to  the  best  advantage. 

The  architecture  of  this  room  is  due  to  Captain  Alexander,  of  the 
corps  of  Topographical  Engineers.  He  fully  appreciated  all  the 
principles  of  sound  which  I  have  given,  and  varied  his  plans  until  all 
the  required  conditions,  as  far  as  possible,  were  fulfilled. 


2.  AccoTmr  of  a  large  Sulphuric-Acid  Barometer  in  the  Hall 
OF  the  Smithsonian  Institution.  By  Professor  Joseph  Hen- 
ry, of  Washington,  D.  C. 

The  opinion  has  been  frequently  advanced,  that  a  barometer  m 
which  the  material  used  to  balance  the  pressure  of  the  atmosphere  is 
of  leas  specific  gravity  than  mercury,  and  consequently  of  a  wider 
range  of  fluctuation,  might  throw  some  new  light  on  several  important 
points  of  Meteorology.  The  fluid  usually  proposed  for  this  pprpose 
has  been  oil  or  water ;  the  viscid  character  of  the  former,  and  its  ten- 
dency to  a  change  of  condition,  has  induced  a  preference  for  the  latter. 
Several  water-barometers  have  accordingly  been  ccmstructed ;  but,  as 
far  as  I  am  informed,  the  indications  of  the  instruments  have  not  been 
reliable. 

Mariotte  used  one  of  this  character ;  also  Otto  von  Guericke  con- 
structed a  philosophical  toy,  to  which  he  gave  the  name  of  anemoscope, 
or  semper  rtrum,  on  the  principle  of  a  water-barometer.  It  consisted 
of  a  tube  more  than  thirty  feet  high,  elevated  on  a  long  wall,  and  ter- 
minated by  a  tall  and  rather  wide  glass  cylinder,  hermetically  sealed, 
in  which  was  placed  a  toy  in  the  shape  of  a  man.  All  the  tube  except 
a  portion  of  the  cylindrical  part  was  concealed  behind  the  wainscoting, 
and  consequently  the  little  image  made  its  appearance  only  in  fine 
weather. 

A  water-barometer  was  constructed    by  Professor  Daniell,  and 


136  A.    MATHEMATICS   AND    PHYSICS. 

placed  in  the  hall  of  the  Royal  Society,  of  which  a  full  account  has 
been  published  in  the  Transactions  of  that  institution.  A  minute  ac- 
count is  given  of  the  method  of  blowing  the  tube,  and  the  details  of 
permanently  fastening  it  in  the  box  which  was  to  form  the  case.  The 
tube  was  left  open  at  both  ends  ;  to  the  upper  one  a  stop-cock  was  at- 
tached, and  the  lower  one  was  inserted  in  a  small  steam-boiler,  which 
served  the  purpose  of  boiling  the  water,  to  expel  all  the  air,  of  elevat- 
ing it  to  the  proper  height  by  means  of  the  elastic  force  of  the  steam, 
and  also  as  a  permanent  cistern  to  the  barometer.  After  the  water 
was  forced  to  the  top  and  issued  from  the  stop-cock  in  a  jet,  the  latter 
was  closed  ;  the  stop-cock  in  the  boiler  was  opened,  steam  suffered  to 
escape,  and  the  water  to  settle  in  the  tube  until  balanced  by  the  pres- 
sure of  air.  The  upper  part  of  the  glass  under  the  stop-cock,  which 
had  previously  been  drawn  out  into  a  fine  tube,  was  gradually  heated 
by  a  blow-pipe,  and  as  soon  as  it  was  sufficiently  softened  the  pressure 
of  the  air  effectually  closed  it.  The  part  above  the  stop-cock  was  then 
removed  with  a  file.  This  barometer  was  completed,  after  adjusting 
the  scale,  by  pouring  a  quantity  of  castor-oil  on  the  surface  of  the 
water  to  prevent  contact  with  the  air. 

After  a  series  of  observations,  however,  it  was  found  in  the  course 
of  about  three  months  that  the  column  of  water  was  gradually  descend- 
ing, and  it  was  finally  resolved  to  open  the  boiler  and  to  examine  the 
instrument.  The  oil  upon  the  surface  was  found  to  have  undergone 
a  change,  though  the  water  below  was  perfectly  bright  and  transparent 
A  portion  of  the  water  was  taken  out  and  placed  under  the  receiver  of 
an  air-pump,  and  bubbles  of  air  in  abundance  were  extricated ;  the 
air  was  absorbed  by  the  water,  diffused  through  the  whole  mass  to  the 
top,  where  it  was  given  off  to  the  vacuum,  and  thus  caused  the  gradual 
descent  of  the  column.  .  It  was  however  found  it  was  not  atmospheric 
air  in  the  vacuum,  but  nearly  pure  nitrogen ;  the  oxygen  had  been 
absorbed  in  passing  through  the  oil,  producing  rancidity  and  other 
changes  in  that  liquid. 

It  was  evident  from  this  experiment,  that  oil  was  not  impervious  to 
air.  Another  attempt  to  remedy  this  defect  of  the  instrument  was 
made  by  using  a  thin  film  of  gutta-percha,  to  be  left  after  the  evapo- 
ration of  the  naphtha  in  which  it  had  been  dissolved. 

An  objection,  however,  to  the  use  of  water  as  the  liquid  for  the 
barometer,  is  the  vapor  which  it  always  gives  off,  and  of  which  the 
tension  cannot  readily  be  determined.    In  a  glass  vessel,  in  which  a 
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cup  of  water  is  enclosed,  Professor  Espy  informs  roe  that  he  has 
found  the  dew-point  always  less  than  that  which  would  he  due  to  the 
temperature. 

Desiring  to  fit  up  a  harometer  on  a  large  scale,  as  one  of  the  objects 
of  interest  and  use  in  the  Smithsonian  Institution,  I  consulted  my  friend 
Professor  Schaefier  of  the  Patent  Office  as  to  the  best  liquid  to  he  em- 
ployed. He  advised  the  use  of  sulphuric  acid,  but  I  did  not  immedi- 
ately adopt  this  advice,  on  account  of  the  apparently  dangerous  charac- 
ter of  this  substance.  Happening,  however,  some  time  aAerwards  to  be 
speaking  on  the  subject  of  barometers  with  Mr.  James  Green,  the  in- 
strument-maker, in  the  presence  of  Professor  EUet  of  New  York,  the 
latter  asked  why  I  did  not  have  a  large  one  constructed  with  sulphuric 
acid.  The  suggestion  having  thus  again  been  independently  made,  and 
Mr.  Green  expressing  his  willingness  to  undertake  the  work,  I  gave  the 
order  for  the  construction  of  the  instrument,  and  requested  Professor 
Ellet  to  give  any  suggestions  as  to  the  details  which  might  be  required. 

The  advantages  of  this  liquid  are :  —  1.  That  it  gives  off  no 
appreciable  vapor  at  any  atmospheric  temperature;  and  2.  That 
it  does  not  absorb  or  transmit  air.  The  objections  to  its  use 
are:  —  1.  The  liability  to  accident  from  the  corrosive  nature  of 
the  liquid,  either  in  the  filling  of  the  tube  or  in  its  subsequent  break- 
age; and,  2.  Its  affinity  for  moisture,  which  tends  to  produce  a 
change  in  specific  gravity.  The  filling,  however,  is  a  simple  process, 
and  attended  with  but  little,  if  any,  risk.  The  acid  can  gradually  be 
poured  into  the  tube  while  in  its  case,  slightly  inclined  to  the  horizon. 
Any  accident  from  breakage  can  be  prevented  by  properly  securing 
the  whole  instrument  in  an  outer  case,  which  will  also  serve  to  equal- 
ize the  temperature.  To  prevent  the  absorption  of  moisture,  the  air 
may  be  previously  passed  through  a  drying  tube  apparatus.  The  only 
point  in  which  water  would  be  preferable  to  sulphuric  acid  is  the  less 
specific  gravity  of  the  former,  and  consequently  the  greater  range  of 
its  fluctuation,  which  is  as  20  :  11,  nearly. 

The  general  appearance  of  the  instrument,  and  the  several  contriv- 
ances for  adjustment  and  reading,  are  in  accordance  with  the  reputa- 
ti<m  of  the  skilful  and  intelligent  artist  who  made  it.  The  glass  tube 
is  two  hundred  and  forty  inches  long,  and  three  fourths  of  an  inch 
in  diameter,  and  is  enclosed  in  a  cylindrical  brass  case  of  the  same 
length,  and  two  and  a  half  inches  in  diameter.  The  glass  tube  is  se- 
12* 


138  A.     MATHEMATICS    AND    PHYSICS. 

cured  in  the  axis  of  the  brass  case  by  a  number  of  cork  collars,  placed 
at  intervals ;  which,  while  they  prevent  all  lateral  displacement  of  the 
tube,  enable  it  to  be  moved  upwards  and  downwards  for  the  adjust- 
ment of  the  zero-point. 

The  reservoir  consists  of  a  cylindrical  glass  bottle,  of  four  inches  in 
diameter,  with  two  openings  at  the  top  ;  one  in  the  axis  to  admit  the 
lower  end  of  the  long  tube,  which  is  tapered  to  about  one  half  of  the 
general  diameter,  the  other  to  transmit  the  varying  pressure  of  the 
atmosphere. 

To  adjust  the  zero-point,  the  whole  glass  part  of  the  apparatus,  to- 
gether with  the  contained  acid,  is  elevated  or  depressed  by  a  screw, 
placed  under  the  bottom,  until  the  level  of  the  acid  in  the  reservoir  co- 
incides with  a  fixed  mark. 

The  scale  for  reading  the  elevation  is  divided  into  inches  and  tenths, 
and  by  means  of  a  vernier,  moved  by  a  rack  and  pinion,  the  variations 
can  be  measured  to  a  hundredth  of  an  inch,  and  estimated  to  a  still 
smaller  division. 

The  vernier  itself  is  not  immediately  attached  to  the  cylindrical 
brass  case,  but  to  a  sliding  frame,  which  can  be  moved  along  the 
whole  opening  through  which  the  entire  range  of  the  column  is  ob- 
served. The  motion  of  the  frame  enables  us  to  make  the  first  rough 
adjustment,  and  that  of  the  rack  and  pinion  the  minute  one. 

The  drying  apparatus,  placed  between  the  external  air  and  the  inte- 
rior of  the  reservoir,  consists  of  a  tubulated  bottle  with  two  openings 
containing  chloride  of  calcium,  and  connected  with  the  reservoir  by  an 
India-rubber  tube,  by  which  arrangement  the  air  is  deprived  of  its 
moisture. 

To  ascertain  the  temperature  of  the  column  of  the  liquid,  two  ther- 
mometers are  attached,  one  at  the  top  and  the  other  near  the  bottom. 

The  whole  apparatus  is  enclosed  in  an  outer  glazed  case  of  twelve 
inches  square,  which  serves,  as  mentioned  before,  as  well  for  protec- 
tion as  for  equalizing  the  temperature,  which  is  with  sufficient  accu* 
racy  ascertained  by  taking  the  mean  of  the  two  thermometers. 

A  large  correction  is  required  in  this  barometer  for  the  expansion 
and  contraction  by  the  changes  of  temperature.  To  determine  the 
amount  of  this,  the  specific  gravity  of  a  quantity  of  the  acid  with  which 
the  barometer  had  been  filled  was  taken  at  different  temperatures. 
This  process  was  performed  with  a  very  sensitive  balance,  by  Dr. 
Easter,  in  the  laboratory  of  the  Institution. 
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3.  Some  Experiments  on  Visual  Direction.    By  Professor  John 
Brocklesby,  of  Trinity  College,  Hartford,  Ct. 

Some  years  ago  I  met  with  a  brief  allusion  to  the  existence  of  an 
"  Essay  on  Single  Vision,'*  published  by  Dr.  Woodhouse  in  the  Phi- 
ioeophical  Magazine.  In  this  treatise,  it  seems,  the  author  endeavors 
to  prove  from  certain  experiments  and  physiological  considerations, 
that  one  eye  is  wholly  occupied  with  vision,  while  the  other  is  nearly 
or  entirely  passive.  My  attention  was  arrested  by  this  inference,  and 
as  the  essay,  with  its  detailed  experiments,  was  not  accessible,  I  was 
led  to  make  some  investigations  upon  this  point,  and  on  others  kindred 
to  it  These  investigations,  and  the  conclusions  to  which  they  lead, 
are  the  subject  of  the  present  paper.  It  is  well  known,  that  if,  while 
looking  at  a  remote  object  with  both  eyes  open,  we  interpose  a  second 
at  a  short  distance  from  us,  the  latter  will  appear  double ;  the  image 
formed  by  the  right  eye  being  seen  towards  the  left  hand,  and  that 
formed  by  the  left  towards  the  right  hand ;  the  proximity  of  the  ima> 
ges  depending  upon  the  magnitude  of  the  interposed  body,  and  its  dis- 
tance from  the  eyes.  As  we  cannot,  at  the  same  time,  range  both  the 
separate  images  of  the  nearest  object  with  the  remote  one,  and  yet  as 
a  matter  of  fact  we  do  in  some  way  range  objects  thus  situated,  when 
both  eyes  are  open,  it  follows  that  a  solution  of  this  point  touches  on 
the  one  in  question.  In  order  to  ascertain  in  what  manner  I  was  ena- 
bled to  range  objects  at  different  distances  by  double  vision,  I  instituted 
the  following  personal  experiments.  How  far  the  results  obtained  are 
to  be  regarded  as  general,  will  appear  in  the  subsequent  pages. 

Of  the  Range  of  a  Point  near  the  Eyes  with  an  Object  more  or  less 
remote,  —  If,  with  both  eyes  open,  I  bring  before  me,  beyond  the  limit 
of  distinct  vision,  a  small  point  like  that  of  a  pencil,  and  endeavor  to 
range  it  with  some  object  more  or  less  remote,  as  a  figure  on  a  wall, 
or  the  ball  of  a  spire,  I  find  that  two  images  of  the  point  at  once  ap- 
pear, but  that  the  image  seen  by  the  right  eye  is  immediately  and  in- 
voluntarily selected  as  that  which  ranges  with  the  remote  object. 
This  is  proved  by  the  fact,  that,  if  the  left  eye  is  closed,  the  range  is 
still  preserved;  but  if  the  right  eye  is  closed,  and  the  left  remains  open, 
the  range  is  destroyed,  the  point  being  seen  to  the  right  of  the  dis- 
tant  object.     Moreover,  if,  reversing  the  experiment,  I  first  bring  the 
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point  and  object  in  a  line  with  the  right  eye  alone,  the  led  being 
closed,  it  is  found  that  they  continue  in  a  range  when  both  eyes  are 
open,  but  that  if  the  range  is  first  taken  with  the  leA  eye  only,  and  the 
objects  are  then  viewed  with  both  eyes,  the  range  ceases  to  exist ;  the 
point  being  seen  to  the  leA  of  the  remote  object.  These  changes  in 
visual  direction  are  more  marked  when  the  point  is  brought  within  the 
limit  of  distinct  vision,  and  the  second  object  is  a  few  feet  distant 
Upon  taking  ttoo  or  more  points,  instead  of  one,  and  ranging  them 
with  some  object  at  a  distance,  the  same  results  occur  as  in  the  former 
case.  The  optical  effect,  however,  is  more  striking  than  when  one 
point  is  used,  and  the  power  of  the  right  eye  to  control  the  range  is 
very  evident. 

Range  of  a  Straight  Line,  —  Since  an  infinite  number  of  material 
points,  placed  one  behind  the  other,  so  near  as  to  touch,  may  be  re- 
garded as  forming  a  straight  line,  it  might  be  reasonably  inferred  that 
a  straight  line  would  present  the  same  phenomena  in  respect  to  visual 
direction  as  a  point,  or  any  number  of  points.  Experiment  shows  this 
inference  to  be  correct,  for,  upon  ranging  a  line,  as  the  edge  of  a  rule, 
with  a  second  object,  both  eyes  being  open,  the  range,  upon  closing  the 
left  eye,  is  still  maintained,  but  is  lost  when  the  right  eye  alone  is  closed ; 
the  edge  in  the  last  case  not  being  seen  in  the  direction  of  its  length, 
but  obliquely.  If,  also,  as  before,  the  range  is  first  taken  with  the  right 
eye,  it  is  preserved  when  both  eyes  are  open  ;  but  if  with  the  left,  it  is 
apparently  lost  when  viewed  with  both  eyes. 

Range  of  a  Surface.  —  If  similar  experiments  to  those  just  detailed 
are  made  with  a  surface  of  small  extent,  the  same  prevailing  power  of 
the  right  eye  to  control  the  visual  direction  is  still  manifested,  but  is 
most  strikingly  exhibited  when  several  surfaces  are  made  to  range 
with  a  fixed  object.  Thus,  if  a  number  of  bright  objects  are  taken,  as 
the  flames  of  several  candles,  the  ruling  power  of  the  right  eye  is 
finely  revealed,  by  first  ranging  the  flames  in  a  line  with  both  eyes, 
and  then  beholding  them  with  each  eye  alone. 

Range  of  a  Solid.  —  By  the  union  of  numerous  material  surfaces, 
equal  each  to  each,  and  havmg  their  centres  in  the  same  straight  line, 
solid  cylinders  and  prisms  may  be  formed,  and  the  same  law  of  visual 
direction  that  belongs  to  these  surfaces  belongs  also  to  the  solids  that 
they  compose.  For  if  a  small  straight  rod  is  sighted,  in  the  direction 
of  its  length,  with  a  second  object,  in  the  various  ways  that  have  been 
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mentioned,  the  range  is  the  same  when  it  is  viewed  in  succession  by 
the  right  eye  and  by  both  eyes ;  but  different  when  the  leA  is  used 
instead  of  the  right 

Range  of  an  Opening.  — If  a  ring  is  taken,  or  a  card  with  an  open* 
iog  in  it,  and  the  card  is  so  held  that  I  look  through  the  opening 
at  some  distant  object,  both  eyes  being  open,  the  two  images  of 
the  opening  formed  by  the  eyes  are  readily  perceived,  but  it  is  only 
through  that  which  belongs  to  the  right  eye  that  the  object  is  seen ; 
for  if  the  leA  is  closed,  the  object  is  still  visible  through  the  opening ; 
but  if  the  right  is  closed  and  the  left  is  open,  it  is  no  longer  seen  through 
the  orifice.  If  the  range  at  first  is  taken  with  the  right  eye,  there  is 
no  shifting  of  the  visible  direction  of  the  object  when  both  eyes  are 
employed  in  vision,  the  left  coming  to  the  aid  of  the  right.  But  when 
the  range  at  the  outset  is  taken  with  the  left  eye,  and  the  right  is  then 
opened,  the  influence  of  the  left  eye  upon  the  range  is  very  feeble,  and 
seems  almost  destroyed  by  the  power  of  the  right. 

If,  instead  of  one  perforated  card,  two  or  three  are  employed  at  the 
same  time,  the  object  being  viewed  through  the  cards  placed  one  be- 
hind the  other,  the  influence  of  the  right  eye  is  rendered  more  evident. 
For  when  the  object  is  first  seen  through  the  several  openings  with 
both  eyes  open,  upon  closing  the  right,  not  only  does  the  object  become 
invisible,  but  some  of  the  openings  also;  for  instance,  I  may  see 
through  the  opening  of  the  first  card  the  un'broken  face  of  the  second, 
the  orifice  in  the  latter  being  out  of  sight. 

Range  of  a  Tube,  —  A  tube  may  be  regarded  as  composed  of  a  num- 
ber of  material  rings ;  it  might  therefore  be  expected  to  present  the 
same  visual  phenomena  as  orifices  and  rings,  and  such  is  found  to  be 
the  case  upon  looking  through  a  tube  at  a  distant  object,  in  the  different 
ways  that  have  been  mentioned. 

By  directing  especial  attention  to  the  left  eye,  it  may  be  made  to  con- 
trol the  range  instead  of  the  right,  and  objects  can  be  seen  by  it  in  the 
same  direction  as  when  viewed  by  both  eyes ;  but  this  control  ceases 
with  the  particular  effort  of  the  will  that  calls  the  eye  to  discharge  an 
unusual  duty.  On  the  other  hand,  in  the  normal  condition  of  vision, 
when  objects  are  viewed  without  any  special  exertion  of  the  will,  I  find 
from  the  experiments  detailed,  that,  on  account  of  habit  or  otherwise, 
1  invariably  neglect  the  image  formed  by  the  left  eye  and  take  that  be- 
longing to  the  right ;  and  that  the  visual  direction  of  points,  lines,  sur^ 
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factiy  and  solidSj  near  to  the  observer,  is  always  determined  by  the 
right  eye. 

But  a  question  arises,  Is  this  dominant  power  of  the  right  eye  a 
peculiarity  of  the  individual,  like  Daltonism,  or  is  it  generaUy  true  ? 
In  reply,  I  would  state  that  I  have  been  accustomed  for  a  length  of 
time  to  propose  some  of  the  preceding  experiments  to  difierent  indi- 
viduals, and  the  result  has  almost  invariably  been,  that,  when  bodi 
eyes  are  open,  the  right  eye  determines  the  visual  direction  of  near 
objects.  Out  of  as  many  as  seventy  or  eighty  cases,  not  more  tbao 
three  or  four  exceptions  from  this  rule  have  been  detected.  In  one  of 
these  exceptions  the  right  eye  was  weaker  than  the  left,  and  the  latter 
discharged  the  functions  of  the  former  in  the  aforesaid  experiments, 
and  vice  versa.  Another  exception  occurs  in  the  case  of  a  civil  engi- 
neer, who  is  accustomed  to  sight  objects  with  both  eyes  open,  hj 
glancing  suddenly  from  one  to  the  other.  In  this  instance,  the  ob- 
server, when  ranging  a  near  object  with  a  distant  one,  with  both  eyes 
open,  finds  the  image  of  the  former  to  be  situated  half«way  between 
its  two  positions  as  beheld  with  each  eye  separately. 

In  view  of  these  facts,  I  am  inclined  to  believe  that  most  persons, 
when  they  gaze  upon  a  near  object  with  both  eyes  open,  habitually 
neglect  the  image  formed  by  the  left  eye,  and  employ  that  of  the  right 
to  fix  the  visual  direction,  —  in  fact,  that  we  are  right^eyed.  More- 
over, that  cases  sometimes  occur  where  the  left  eye  is  used  for  this 
purpose,  and  in  such  exceptional  instances  the  observers  may  be 
termed  left-eyed. 

A  boy  shoots  marbles  with  both  eyes  open,  and  a  sportsman  not 
unfrequently  brings  down  his  game  in  the  same  manner ;  but  I  ap- 
prehend that  in  both  instances  the  aim  is  as  truly  taken  as  if  one 
eye  was  shut,  and  that  either  the  right  eye  or  the  left  gives  the  range, 
while  the  other  is  passive. 

If  it  is  true  that  the  right  eye,  under  the  circumstances  mentioned, 
possesses  a  superiority  over  the  other,  the  fact  would  be  in  strict  ac- 
cordance with  some  other  physiological  phenomena.  We  are  all 
aware  of  the  pre-eminence  which  the  right  hand  has  over  the  left, 
either  from  habit  or  otherwise,  —  how  much  more  ready  and  quick  it 
is  in  all  its  motions,  being  the  first  to  advance  whenever  the  hand  is 
needed.  So  marked  is  this  characteristic,  that  we  term  expertness 
and  activity  of  manipulation  dexterity.    Right-handedness  constitutes 
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the  law,  left-handedness  the  exception.  The  same  fact  is  observed 
in  respect  to  the  feet.  In  the  game  of  football,  for  instance,  the  right 
foot  naturally  comes  first  into  play,  and  is  decidedly  more  active  than 
the  other.  The  superiority  of  one  organ  of  vision  over  the  other  would 
not,  therefore,  constitute  an  anomaly ;  neither  would  it  be  surprising  if 
the  same  phenomenon  should  be  found  to  exist  in  respect  to  one  or 
more  of  the  other  senses. 

While  making  some  of  the  preceding  experiments,  it  occurred  to  me 
that  there  might  possibly  exist  such  a  sympathy  between  the  eyes  and 
the  hands  that  the  right  hand  acts  in  unison  with  the  right  eye, 
and  the  left  hand  with  the  left  eye ;  so  that  a  left-handed  person  would 
be  found  to  be  left-eyed,  and  a  right-handed  right-eyed.  In  order  to 
solve  this  point  I  had  recourse  to  one  who  was  a  skilful  blacksmith, 
and  who  used  his  left  hand  exclusively  in  wielding  the  hammer ;  but 
in  this  case  it  also  happened,  as  in  those  of  right-handed  persons,  that 
the  right  eye  took  precedence  of  the  left,  and  the  supposed  unison  of 
action  did  not  exist 

Thus  far,  the  visual  direction  of  a  near  with  a  distant  object  has 
only  been  considered ;  but  this  point  may  be  examined  still  further, 
both  in  reference  to  two  remote  objects  and  to  the  extent  of  range 
when  we  look  through  an  opening.  If  a  surface  of  considerable  ex- 
tent, as  a  board  a  foot  wide  or  more,  is  placed  at  a  moderate  distance 
from  the  observer,  for  instance  sixty  or  seventy  feet,  and  this  surface 
is  projected  upon  the  wall  of  a  building  at  some  distance  behind,  I  find 
that  the  space  on  the  building  which  the  board  conceals  is  not,  as  in 
the  case  of  a  near  object,  limited  by  the  right  eye,  but  is  determined 
as  follows.  A  line  drawn  from  the  right  eye  to  the  right-hand  edge  of 
the  board  and  continued  to  the  wall  fixes,  in  the  normal  state  of  vision, 
the  right-hand  limit  of  the  concealed  portion  of  the  wall ;  and  a  line 
drawn  from  the  left  eye  to  the  left-hand  edge  of  the  board,  and  pro- 
duced  to  the  wall,  determines  also  the  left-hand  limit  of  the  hidden 
surface.  For,  having  first  projected  the  board  upon  the  wall  with 
both  eyes,  I  find  that,  upon  closing  the  right  eye  and  viewing  the 
board  with  the  left,  the  right-hand  edge  shifts  to  the  right,  while  the 
left-hand  edge  is  unchanged  in  position ;  and  that,  when  the  right  eye 
is  open  and  the  left  closed,  the  left-hand  edge  shifts  to  the  left,  but  the 
other  edge  keeps  its  first  place.  When  therefore  both  eyes  are  open, 
the  right  controls  the  visual  direction  of  the  right  edge  of  the  board, 
and  the  left  the  left  edge.    1?his  fact  is  still  further  proved  by  first 
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viewing  the  objects  with  each  eye,  and  then  with  both.  The  horizon- 
tal visual  angle,  therefore,  under  which  the  surface  is  seen  when  both 
eyes  are  open,  is  less  than  that  under  which  it  is  beheld  with  one  eye, 
by  the  amount  of  the  angle  formed  by  drawing  lines  from  each  eye  to 
one  of  the  vertical  edges. 

A  difierent  rule  appears  to  obtain  in  respect  to  the  horizontal  extent 
of  view  that  occurs  when  we  gaze  through  a  large  opening,  as  a 
window,  upon  the  landscape  before  us.  By  experimenting,  in  the 
way  already  mentioned,  I  find  the  limit  of  vision  to  be  thus  deter- 
mined. A  line  drawn  from  the  right  eye  to  the  left-hand  side  of  the 
window,  and  produced  onward,  gives  the  position  of  the  left-hand 
boundary  of  the  landscape  ;  and  another  line  drawn  from  the  left  eye 
to  the  right-hand  side  of  the  window  determines  the  right-hand 
boundary  of  vision. 

By  comparing  these  results  with  those  immediately  preceding,  it  ap- 
pears that,  when  a  landscape  is  observed  either  through  an  opening  or 
partially  obscured  by  some  intervenmg  object,  both  eyes  are  employed 
in  fixing  the  limits  of  vision,  but  in  a  different  way,  yet  in  such  a 
manner  that  a  greater  extent  is  seen  with  two  eyes  than  with  one ;  in 
the  first  case,  by  increasing  the  visual  angle  of  the  landscape,  and  in 
the  second,  by  reducing  the  visible  angle  of  the  obscuring  object  to  a 
minimum. 


4.  Redetermination  of   the  Atomic  Weight  of  Lithium.     By 
Professor  J.  W.  Mallet,  of  Alabama. 

A  REVIEW  was  taken  of  the  previous  determinations  of  the  atomic 
weight  of  this  element,  from  which  it  appeared  that  but  two  experi- 
ments deserving  of  confidence  are  on  record,  both  of  which  were 
made  by  the  same  process,  viz.  the  estimation  of  the  sulphuric  acid 
in  sulphate  of  lithia  by  means  of  a  salt  of  baryta.  The  extreme  diffi- 
culty of  removing  by  washing,  from  sulphate  of  bar3rta,  the  last  traces 
of  the  salt  of  baryta  used  for  precipitation,  was  pointed  out  as  an  objec- 
tion to  this  process,  the  quantity  of  sulphuric  acid  apparently  obtained 
being  rendered  too  high,  and  the  equivalent  of  lithia  being  therefore 
brought  out  less  than  the  true  number. 

The  results  of  three  determinations  of  the  chlorine  contained  in 
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chloride  of  lithium  were  then  given,  —  the  first  and  second  experi- 
ments being  made  by  precipitating  a  weighed  quantity  of  this  salt  with 
nitrate  of  silyer,  and  weighing  the  chloride  of  silver  produced,  —  the 
third  experiment  consisting  in  the  addition  to  a  weighed  quantity  of 
Li  CI,  dissolved  in  water,  of  the  solution  in  nitric  acid  of  a  weighed 
quantity  of  pure  silver  (not  sufficient  for  the  complete  precipitation  of 
the  chlorine),  and  the  cautious  addition  to  the  liquid,  from  a  gradu- 
ated pipette,  of  a  very  dilute  solution  of  nitrate  of  silver  of  known 
strength  as  long  as  a  cloud  was  produced.  The  precautions  necessary 
in  the  preparation  of  pure  chloride  of  lithium  were  noticed. 

The  actual  results  obtained  were,  —  7.1885  grm.  of  Li  CI  gave 
243086  grm.  of  Ag  CI ;  8.5947  grm.  of  Li  CI  gave  29.0621  grm.  of 
AgCI;  and  3.9942  grm.  of  Li  CI  required  for  precipitation  10.1702 
grm.  of  Ag. 

Hence  the  atomic  weights,  — 

1st.     86.93 
2d.     86.96 
3d.     86.78 
or,  as  the  mean,  86.89  on  the  oxygen  scale,  —  a  number  decidedly 
higher  than  that  previously  adopted   for  lithium,  but  believed  to  be 
deserving  of  more  confidence  from  the  nature  of  the  process  pursued 
and  the  large  quantity  of  the  salt  of  lithia  employed  in  the  present  de- 
termination. 


5.  Ammonia  in  the  Atmosphere.    By  Professoe  E.  N.  Hors- 
FORD,  of  Cambridge. 

At  the  New  Haven  meeting  of  the  American  Association  in  1850, 
I  submitted  a  paper  upon  the  Ammonia  in  the  Atmosphere,  the  con- 
clusions of  which,  later  research,  in  the  course  of  the  same  year,  satis- 
fied me  were  radically  erroneous.  Before  the  meeting  of  1851  I 
made  a  new  series  of  determinations,  extending  from  March  1st, 
down  to  June  20th,  with  every  precaution  to  secure  accuracy  which  I 
could  devise.  I  felt,  however,  reluctant  to  publish  the  results  without 
being  able  to  show  wherein  the  error  of  the  previous  research  con- 
13 
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sisted.*     The  source  of  error  having  since  revealed  itself,  I  ask  to  lay 
the  correction  before  the  Association. 

The  chief  points  noticed  in  the  research  of  1849-50  were  the  in- 
fluence of  the  direction  of  the  wind  upon  the  quantities  of  ammonia 
observed  in  the  air,  and  the  large  amount  of  ammonia.  Both  these 
supposed  facts  were  based  upon  an  error  in  the  process,  which  I  did 
not  fairly  and  fully  take  into  account  until  recently.  I  had  removed 
the  bottles  containing  ammonia  compounds  from  the  room  in  which 
the  determinations  were  made,  and  had  taken  such  other  precaution- 
ary measures  to  insure  reliable  results  as  I  could  devise,  but  one  im- 
portant one  escaped  me. 

To  increase  the  extent  of  absorbing  surface  in  the  flasks  employed, 
I  spread  over  the  interior  flocculent  asbesots.  At  the  conclusion  of 
each  determination,  the  contents  of  the  flasks,  including  the  asbestos, 
were  thrown  upon  a  Alter.  This  Alter  was  washed  till  the  wash-water 
gave  no  reaction  with  nitrate  of  silver.  Meanwhile  another  portion  of 
asbestos  had  been  introduced  into  the  flasks,  and  a  new  determination 
commenced.  The  first  portion  of  asbestos,  with  the  hydrochloric  acid, 
which  could  not  be  entirely  washed  out,  remained  several  days  ex- 
posed to  the  air,  absorbing  ammonia  from  the  atmosphere,  and  this 
asbestos  was  in  its  turn,  without  ignition^  returned  to  the  flasks,  and 
of  course  contributed  its  ammonia  in  the  form  of  chloride  to  the  next 
determination.  The  paper-filter,  too,  was  not  renewed  except  at  con- 
siderable intervals,  and  this,  with  its  sal  ammoniac,  augmented  the 
amount  of  error.  It  will  be  seen  that  the  amounts  of  ammonia  would 
be  exponents  of  the  temperature,  and  thus,  to  a  certain  extent,  in  keep- 
ing with  the  direction  of  the  wind,  which  was  one  of  the  striking  re- 
sults in  my  former  paper. 

The  general  method  observed  in  my  second  series  was  the  same  as 
in  the  first,  and  that  which  has  been  pursued  by  all  who  have  made 
this  class  of  determinations.  A  known  volume  of  air  was  conducted 
through  a  series  of  flasks  containing  hydrochloric  acid,  by  means  of 
an  aspirator. 

My  series  consisted  of  six  flasks,  with  slender  necks,  and  of  the 
shape  and  capacity  of  those  used  for  determinations  of  chloride  of  sil- 

*  J.  Pierre,  the  average  of  whose  final  determmations  corresponds  almost  pre- 
cisely with  that  of  my  last  series,  was  unable  to  see  wherein  the  error  of  his  first 
determinations  consisted. 
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ver.  The  flask  nearest  the  aspirator  contained  water  only.  The 
tube  from  this  flask  to  the  next  in  succession  dipped  below,  the  sur- 
face of  the  diluted  hydrochloric  acid  which  the  flask  contained.  The 
next  flask  contained  a  little  diluted  hydrochloric  acid.  The  next  con- 
tained acid  a  little  more  concentrated ;  the  next,  a  few  drops  of 
highly  concentrated  acid ;  and  the  next,  water,  under  the  surface  of 
which  passed  the  tube  communicating  with  the  preceding  flask. 

The  aspirator  was  a  cask  of  about  twenty  gallons'  capacity.  Of  this 
description  there  were  three,  placed  for  convenience  on  little  platforms 
mounted  on  castors.  The  water  was  permitted  to  flow  slowly  from  a 
cock  into  a  glass  jar,  the  capacity  of  which  in  cubic  centimetres  to  a 
point  in  the  neck  had  been  accurately  ascertained. 

Two  determinations  were  usually  carried  forward  simultaneously,  in 
all  respects  under  the  same  circumstances  of  arrangement,  time,  and 
quantity. 

The  capacity  of  the  glass  jars  employed  was  4260  cc.  for  each,  and 
they  were  filled  in  all  from  50  to  240  times  for  each  determination. 
That  is,  the  amount  of  air  drawn  through  the  aspirator  was  from 
50  X  4260  =  213,000  cc.  to  240  X  4260  =  1,022,400  cc. 

At  the  conclusion  of  the  process  the  flasks  were  carefully  rinsed 
out,  the  contents  poured  upon  a  filtef,  and  the  filtrate  carried  down 
with  a  few  drops  of  platinum  solution  over  a  water-bath  nearly  to  dry- 
ness, the  precipitate  treated  with  alcohol,  and  brought  on  a  weighed 
filter. 

The  first  determination,  on  March  1st,  gave  for  the  platinum  precip- 
itate 0.0530  gr.  for  50  X  4260  cc. 

The  next  two  made  simultaneously  for  the  same  volume  of  air,  on 
March  15ih,  gave  1.  =  0.0298  gr. 


2=0  0584  "    '  diflerence  0.0286. 


The  next  two,  on 

March  30lh,  gave  3.  =  0.0570  " 


4.  =  0.0594"    '  ^-^24. 

The  next  two,  on 

April  3d,  gave       5.  =  0.0764  "  ^^ 

6.  =  0.0755  "    ^  ^•""^^• 

These  great  contrasts  pointed  to  the  necessity  of  observing  many 
particulars  in  the  mode  of  determination  which  in  common  quantita- 
tive analysis  are  usually  dispensed  with.  The  sources  of  error  were 
various. 
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The  quantity  of  distilled  water  employed  in  rinsing  out  the  appara- 
tus had  not  been  invariably  and  precisely  the  same.  The  hydrochlo- 
ric acid  and  bichloride  of  platinum  had  not  been  rigidly  the  same  in 
quantity,  and  the  amount  of  ammonia  present  in  them,  though  once 
before  ascertained,  and  found  to  be  quite  insignificant,  was  again  de- 
termined, and  found  to  be  very  considerable. 

600  cc.  of  distilled  water,  and  20  cc.  of  hydrochloric  acid,  being 
about  the  quantity  employed,  and  the  usual  quantity  of  platinum  solu- 
tion, were  evaporated  over  a  water-bath,  and  gave  a  precipitate  of 
0.0699  gr.,  which  at  once  showed  the  preceding  determinations  to  be 
of  no  value. 

The  following  precautions  and  modifications  were  then  adopted. 

1st.  The  distilled  water  employed  was  prepared  by  slowly  distilling 
from  water  to  which  sulphuric  acid  had  been  added. 

2d.  The  hydrochloric  acid  was  prepared  in  the  usual  manner,  em- 
ploying the  above  distilled  water. 

3d.  The  filters,  hitherto  dried  in  the  common  steam-chamber  for  an 
invariable  length  of  time,  were  now  dried  in  a  Rammelsberg's  desic- 
cator for  two  hours,  at  a  temperature  not  exceeding  100^  C,  and  then 
for  one  half-hour  at  120^  C. 

4th.  The  filter  was  dried  and  weighed  in  an  arrangement  of  glass 
tubes,  one  sliding  within  the  other,  open  while  drying,  and  reversed 
and  closed  while  weighing,  so  as  efiectually  to  prevent  the  absorption 
of  moisture  after  the  filter  is  once  properly  dried. 

It  was  ascertained  that  the  filter  and  the  contents  so  confined  did 
not  vary  in  weight  the  amount  of  half  a  milligramme  in  three  days. 

It  was  also  ascertained  by  two  determinations  that  the  weighed  filter, 
after  washing  with  alcohol,  and  subsequent  drying,  as  above  described, 
did  not  change  its  weight  in  the  least. 

When,  after  such  drying,  the  weight  had  been  determined,  and  after 
a  heat  at  120°  for  another  half-hour  had  not  changed  it,  in  the  amount 
of  one  tenth  of  a  milligramme,  it  was  considered  dry. 

5th.  The  quantity  of  water  employed  for  washmg  out  the  flasks  was 
accurately  measured  out,  600  cc.  for  each  time. 

6th.  The  evaporation  was  conducted  under  a  sheet  of  filter-paper, 
to  exclude  dust.  The  last  portions  were  evaporated  at  a  temperature 
considerably  below  that  of  boiling  water,  as  experience  had  shown 
that,  without  this  precaution,  some  of  the  precipitate  adhered  to  the 
sides  of  the  evaporating-dish. 
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When  the  total  residue  consisted  of  only  a  few  drops,  alcohol  was 
added. 

7th.  At  the  same  tinne,  and  observing  all  the  same  precautions,  a 
corresponding  quantity  of  water,  and  the  exact  quantities  of  hydro- 
chloric acid  and  platinum  solution  were  evaporated  down,  and  the 
precipitate  (which  still  amounted  to  an  appreciable  quantity)  deter- 
mioed  and  subtracted  from  the  other. 

6th.  As  the  quantity  of  ammonia  found  proved  to  be  much  smaller 
than  it  had  before  seemed,  it  was  decided,  instead  of  fiAy  gallons  of 
air,  as  heretofore,  to  run  through  the  apparatus  a  much  larger  quan- 
tity. The  water  from  the  aspirator  was  run  in  the  slenderest  stream, 
considerably  slower  than  before.* 

With  these  precautions,  determinations  were  commenced  anew  at  a 
point  uninfluenced  by  exhalation  from  any  quarter. 

1.  The  two  determinations  made  side  by  side  at  the  same  time, 
with  only  50  X  4260  cc,  gave  respectively  of  platinum  precipitate, 
April  25ih,  1.0.00180  gr.  ) 

2  0  00235  "    1  ^i^^^^^^^  0.00055,  average  0.002075. 

The  distilled  water  and  reagents  evaporated  gave  a  visible  trace  of 
platinum  precipitate  ;  the  weight  of  the  filter  with  the  precipitate  after 
drying  was,  however,  found  smaller  than  that  of  the  filter  alone,  by 
the  amount  of  0.0012  gr.,  owing  to  the  thermometer  having  once  risen 
above  120"*  C.  Estimating  the  precipitate  at  one  fourth  of  a  milli- 
gramme by  comparing  it  with  subsequent  determinations,  and  subtract- 
ing the  weight  from  the  above,  0.002075,  gives  0.001825  as  the  aver- 
age quantity  for  1  and  2.  This,  for  the  sake  of  comparison,  referred 
to  100  jars  of  water  =  100  X  4260,  gives  0.00365  gr.  platinum  pre- 
cipitate. 

*  The  following  precautions  may  be  serviceable  to  any  who  may  care  to  repeat 
the  determinations :  — 

1st.  The  paper  ascd  for  filtering  the  acid  rinsings  should  be  renewed  for  each 
detennination,  as  the  acid,  which  it  is  quite  impossible  to  remove  entirely  from  the 
paper,  absorbs  ammonia  from  the  air. 

2d.  The  tubes  employed  for  measuring  the  hydrochloric  acid  and  platinum  sola- 
tbn  should  be  rinsed  immediately  after  use. 

3d.  The  filter  tubes  when  taken  from  the  drying-chamber  should  be  left  a  quar- 
ter of  an  hour  to  cool  before  weighing. 

4th.  As  the  platinum  precipitate  is  not  absolutely  insoluble  in  alcohol,  the  quan- 
tities employed  should  be  measured,  and  the  alcohol  should  be  rectified. 

13" 
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2d  Determination,  March  1st,  100  X  4260  cc.  of  air  gave  of  plati- 
num precipitate, 

3.     0.00290  gr.  ) 

4     0  00255  "    1  <^*^®^°^®  0.00035,  average  0.00272  gr. 

The  precipitate  from  the  water  and  reagents  was  a  mere  trace. 
3d  Determination,  May  18th,  100  X  4260  cc.  of  air  gave  of  plati- 
num precipitate, 

5.    0.0078  gr.  ) 

6     0  0072  "    {  difference  0.0006,  average  0.0075. 

The  precipitate  from  the  water  and  reagents  was  0.0010  gr.,  which 
subtracted  from  0.0075  gr.  gives  the  average  of  5  and  6, 

0.0065  gr. 
4th  Determination,  May  28th,  to  June  5th, 
240  X  4260  cc.  =  1.022400  cc.  gave  of  platinum  precipitate, 

0.00645  gr. 
The  precipitate  from  the  water  and  reagents  amounted  to  0.0007  gr., 
which,  deducted  from  the  above,  gives  0.00575,  which,  for  100  jars 
=  0.00239  gr. 

The  next  and  last  determination  was  made  on  the  summit  of  Pros- 
pect Hill,  in  the  neighborhood  of  Cambridge,  dbtant  from  dwellings 
and  habitations  of  every  kind,  and  about  150  feet  above  tide  level. 

5th  Determination,  June  18th  and  20th,  180  X  4260  cc.  of  air 
gave  of  platinum  precipitate 

0.00705  gr. 
The  water  and  reagents  gave  0.00140  gr.,  which,  deducted  from 
the  above,  leaves  0.00565  gr.,  which,  calculated  for  100  X  4260, 
gives  0.00314  gr. 
These  results  placed  together  are  as  follows  :  — 
426,000  cc.  of  air  gave 
Pt  CI,  NH,  CI        =  NHs        =  in  1,000,000  cc.  tr. 


■.U:l- 


April  25th,  i  ^  \  0.00365  gr.        0.000278  gr.  0.0006158  gr. 

May  1st,     I  4]     0.00272  "  0.000207  "  0.0004592  " 


May  18th,  |  ^  \  0.00650  "  0.000495  "  0.0011619  " 

H82  "  0.0004037  " 

)240  "  0.0005633  " 

Average  =  0.0006407  " 


May  28th,      7.     0.00239  "  0.000182  "  0.0004037  " 

June  18,  20,  8.     0.00314  "  0.000240  "  0.0005633  " 
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This  is  about  one  half-millionth  of  the  average  weight  of  the  air. 
This  average  is  very  nearly  coincident  with  the  result  of  the  last 
series  of  observations  by  J.  Pierre,*  which  were  continued  through 
nine  months  with  4075  litres  of  air.  One  cubic  metre  of  air  con- 
tained 0.00065  gr. 

His  first  serieSff  which  he  afterward  discovered  to  be  faulty,  gave 
for  one  cubic  metre  0.0045  gr.,  or  about  three  and  a  half  millionths  of 
the  weight  of  the  air. 

Fresenius  J  found  in  the  atmosphere  of  daylight  for  forty  days  in 
August  and  September,  1848,  for  one  million  parts  of  air  by  weight, 
only  0.098  parts,  and  for  night  air  for  the  same  weight,  0.169  parts. 

Kernp^  found  for  the  same  3.40,  and  Grager||  0.333.  VilleJT  made 
sixteen  determinations  in  1849-1850,  employing  from  20,000  to 
55,000  litres  of  air.  His  range  was  from  17.76  gr.  to  31.71  gr.,  aver- 
aging 23.73  gr.  for  one  million  kilogrammes  of  air. 

A  second  series  by  the  same  observer  in  1850  (1851?)  gave  for 
the  same  weight  of  air  from  16.52  gr.  to  27.26  gr.,  average  21.10  gr. 
For  the  average  of  the  two,  22.41  gr.,  or  in  one  million  parts  by 
weight,  0.02241  parts  of  ammonia. 

Bineau**  estimates  the  air  about  Lyons  to  contain  from  one 
fourth  to  one  fifth  of  one  millionth  of  its  weight  of  ammonia.  That 
of  Caluire  to  contain  in  winter  forty  billionths,  in  summer  eighty 
billionths. 

Bineau^stf  observations  are  based  upon  the  supposition  that  the  am- 
monia and  carbonic  acid  of  the  air  are  in  equivalent  proportions,  and 
that  both  were  alike  absorbed  by  his  method. 

He  obtained  by  his  method  for  Lyons,  in  1,000,000,000  parts,  from 

*  Liebig  and  Kopps,  Jahresbericht,  1853,  p.  333. 

t  Liebig  and  Kopps,  Jahresbericht,  1852,  p.  356. 

I  Liebig  and  Kopps,  Jahresbericht,  1849,  p.  258. 

§  Pharm.  Centr.  Blatt,  1848,  p.  315. 

Q  Liebig  and  Kopps,  Jahresbericht,  1849,  p.  258. 

^  Liebig  and  Kopps,  Jahresbericht,  1 852,  p.  356. 

*♦  Liebig  and  Eopps,  Jahresbericht,  1854,  p.  315. 

tt  My  own  determinations  in  1849  were  so  exceedingly  erroncons  as  not  to  be 
entitled  to  record,  but  may  show  how  wide  a  departure  from  a  true  result  may  be 
possible  where  a  method  is  defective.  One  million  parts  by  weight  gave  from  1.2 
to  47.6  parts  of  ammonia,  the  average  of  which  is  nearly  fifty  times  as  great  as  was 
foand  to  be  present. 
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200  to  250  parts  of  ammonia,  and  at  Caluire,  in  winter  40,  and  in 
summer  80  parts. 

Placing  these  results  in  form  for  comparison,  they  give  in  one  mil- 
lion cubic  metres,  according  to 

Grager, 432.00  gr. 

Kemp, 4423.00  " 

.       (  day, 127.27  " 

Fresenius,  I  ^jgj^^^      ....  219.47" 

Ville,  Ist  series, 30.81  " 

^*     2d  series,  ....  27.39  "* 

!  Lyons  average,  .        .         .  292.50  " 

(  winter,  .         .  52.00  " 

Caluire,  j  g^^^^,^  ^  104  qq  u 

J.  Pierre,  1st  series,  (erroneous,)  .        4500.00  " 

"       2d  series,  ....    650.00  " 

Horsford, 640.70  " 

This  near  coincidence  of  the  last  two  results,  taken  in  connection 
with  the  time  consumed  in  producing  the  first,  and  the  number  and 
differential  character  of  the  determinations  giving  the  second,  entitles 
them,  possibly,  to  a  higher  degree  of  confidence  than  any  of  the  pre- 
ceding results. 

Taking  the  round  number,  645,  as  the  number  of  grammes  in  one 
million  cubic  metres  of  air,  or  1,298,701  kilogrammes  of  air,  and 
taking,  according  to  Marchand,  the  weight  of  the  atmosphere  at 
5,263,623,000,000,000,000  kilogrammes,  and  assuming  it  to  be  of  uni- 
form constitution,  we  have  in  the  total  atmosphere  2,614,178,964,211 
kilogrammes  of  ammonia.*  Or,  expressed  in  English  weights, 
11,613,808,176,000,000,000,000  pounds  of  atmospheric  air  contain 
5,767,999,157,462  pounds  of  ammonia. 


*  In  Fresenins's  estimates,  as  pablished  in  Erdmann  and  Marchand's  Joaroal  f. 
Prakt  Chemie,  Vol.  XL VI.  pp.  101-106,  I  find  two  errors  that  have  escaped  the 
author's  eye.  He  gives  Kemp's  quantity  of  ammonia  in  1,000,000  parts  of  air  by 
weight  at  3.68.  It  should  be  3.40.  He  finds  the  number  of  kilogrammes  of  am- 
monia  in  the  air,  upon  the  average  of  0.133  parts  in  1,000,000  by  weight  (bis  own 
determination),  and  Marchand's  estimate  as  given  above,  to  be  4,079,042  kilo- 
grammes.   It  should  be  700,061,859,000  kilogrammes. 
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IV.    PHYSICS  OF  THE  GLOBE. 

1.  Approximate  Cotidal  Lines  of  Diurnal  and  Semi-Diurnal 
Tides  of  the  Coast  of  the  United  States  on  the  Gulf  of 
Mexico.  By  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey. 
[Communicated  by  Authority  of  the  Treasury  Department.] 

At  successive  meetings  of  the  American  Association  I  have  pre- 
sented approximate  cotidal  lines  for  the  Atlantic  and  Pacific  coasts  of 
the  United  States,  drawn  from  the  tidal  observations  of  the  Coast  Sur* 
vey.    I  now  present  similar  lines  for  our  coast  on  the  Gulf  of  Mexico. 

The  problem  is  a  very  different  one  from  either  of  the  others  re- 
ferred to.  The  tides  on  the  Atlantic  coast  are  of  the  regular  semi- 
diurnal  class,  and  easily  discussed  by  the  forms  already  elaborately 
prepared  by  Lubbock  and  Whewell.  The  diurnal  inequality  is  not 
large ;  indeed,  though  easily  recognized  at  particular  periods,  and  then 
quite  characteristic,  in  general  it  is  difficult  to  trace,  and  often  irreg- 
ular in  magnitude,  and  even  in  sign.  Those  of  the  Pacific  coast 
are  remarkably  regular  in  the  semi-diurnal  and  diurnal  waves,  and 
both  rise  to  such  heights  as  to  make  observation  easy.  On  the  Gulf 
coast,  on  the  contrary,  the  tides  are  small,  and  therefore  easily  affected 
by  extraneous  circumstances,  and,  as  a  rule,  on  more  than  two  thirds 
of  the  coast  the  semi-diurnal  tides  are  very  small,  and  in  fact  are 
masked  by  the  diurnal  tide.  The  comparatively  imperfect  discussion 
which  has  been  made  of  these  tides  requires  many  steps  in  the  discus- 
sion to  be  supplied,  and  sometimes  leaves  us  in  doubt  as  to  the  exact 
interpretation  of  the  results. 

By  way  of  preparing  for  the  present  discussion,  and  to  avoid  running 
into  too  great  length  at  this  time,  I  gave  at  the  last  meeting  of  the  As- 
sociation an  account  of  the  tidal  observations  made  on  our  Gulf  coast, 
and  showed  the  type  curves  for  the  different  stations  from  Cape  Flor- 
ida to  the  Rio  Grande.*  I  also  explained  the  method  of  decomposi- 
tion of  the  curves  of  observation  into  diurnal  and  semi-diurnal  waves, 
and  gave  the  analysis  of  the  type  curves  at  the  several  tidal  stations. 
From  Cape  Florida,  along  the  Keys,  and  up  the  western  coast  of  the 

*  Proceedings  of  the  American  Association  for  the  Advancement  of  Science, 
ProTidencc  Meeting,  1855,  p.  152. 
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peninsula,  to  St.  George's,  the  tides  are  of  the  half-day  class,  with  a 
large  diurnal  inequality ;  from  St.  George's,  which  belongs  to  the  day 
class,  to  Southwest  Pass,  they  are  of  the  day  type,  the  semi-diurnal 
tide  almost  disappearing ;  at  Derniere  Island,  Calcasieu,  and  Galves- 
ton they  resume  as  a  rule  the  half-day  type,  and  lose  it  almost  com- 
pletely at  Aransas  and  the  mouth  of  the  Rio  Grande.  Isle  Derniere, 
and  less  distinctly  Calcasieu,  show  cases  of  interference  in  the  semi- 
diurnal wave,  two  high  waters  being  at  times  easily  traced  in  the  semi- 
diurnal curve. 

The  character  of  the  tidal  phenomena  themselves,  the  peculiarities 
in  configuration  and  in  depth  of  the  basin,  the  limited  extent  over 
which  our  researches  spread,  and  various  other  circumstances,  contrib- 
ute to  render  this  work  less  satisfactory  than  the  former.  Some  of 
these  will,  in  the  end,  disappear,  as  the  Gulf  is  more  fully  explored 
in  the  progress  of  the  survey.  Our  information  thus  far  extends  to 
but  one  entrance  of  the  basin,  that  by  the  Gulf  of  Florida,  and  of  this 
to  but  one  shore,  while  of  the  nature  of  the  tide  wave  which  enters 
from  the  Caribbean  Sea,  through  the  straits  between  the  western  end 
of  Cuba  and  the  eastern  end  of  Yucatan,  we  have  no  reliable  infor- 
mation. Some  of  these  causes  render  present  speculation  premature, 
and  lie  at  the  very  threshold  of  attempts  to  trace  out  the  great  interfer- 
ence problems  which  present  themselves. 

The  progress  of  this  discussion  has  also  shown  that  observations  of 
longer  period  are  necessary  in  many  cases  to  give  data  for  conclusive 
results.  This  of  itself  is  a  great  point  gained,  and  the  practical  results 
for  the  charts  of  this  coast  have  repaid  all  the  labor  which  has  been 
expended  on  the  observations.  Navigators  were  absolutely  without 
information  other  than  the  most  vague  in  regard  to  the  tides  of  the 
Gulf. 

The  hourly  observations  at  each  station  being  plotted  in  diagrams 
upon  a  suitable  scale,  the  curves  of  observation  were  decomposed,  by 
the  graphical  method  introduced  by  Mr.  Pourtales,  into  a  diurnal  and 
semi-diurnal  curve.  It  may  be  proper  to  observe  here,  that  several 
comparisons  have  been  made  between  this  method  and  that  which  I 
had  formerly  used  by  the  sine  curves,  and  with  generally  coincident 
results.  The  graphical  method,  besides  being  less  laborious,  is  free 
from  the  hypothesis  of  the  sine  curve.  These  decompositions  were 
made  chiefly  by  Messrs.  Fendall  and  Heaton  of  the  tidal  party,  and 
occasionally  by  Professor  Pendleton  and  Mr.  S.  Walker. 
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That  the  diurnal  wave  is  the  principal  feature  in  these  tides,  will 
appear  from  the  annexed  tabic,  which  gives  the  names  and  positions 


TABLE  I. 


Height  of 

H-jht 

Height  of 

St&tiODB. 

Semi-diurnal 

Obi^rred 

Tldee. 

Dionua  Tides. 

Tidef. 

ft. 

ft. 

ft. 

Cape  Florida, 
Indian  Key, 

1.6 

0.2 

15 

1.9 

0.6 

1.8 

Key  West, 

1.2 

0.7 

1.4 

Tortugas, 

10 

1.0 

1.2 

Egmont  Keys, 

1.1 

1.6 

1.4 

Cedar  Keys, 

2.4 

1.5 

2.5 

St.  Mark's, 

2JJ 

1.8 

2.2 

St.  George's  Island, 

0.2 

1.6 

1.1 

Pcnsacola, 

0.2 

1.1 

1.0 

Fort  Morgan  (Mobile  Bay), 

0.2 

l.l 

1.0 

Cat  Island, 

0.3 

1.2 

13 

Southwest  Pass, 

0.2 

1.2 

l.l 

Demi^re  Isle, 

0.4 

1.6 

1.4 

Calcasieu, 

1.3 

1.5 

1.1 

Galveston, 

0.5 

1.1 

1.1 

Aransas, 

0.5 

1.3 

1.1 

Brazos  Santiago, 

0.3 

0.8 

0.9 

TABLE  IL 
Tide  Tables  in  the  GuI/of  Mexico,  the  Results  of  which  are  Discussed  in  this  Paper, 


So. 

Stations. 

Date  of  ObservatioiL 

Kind 

of 
Gauge. 

ObMrven. 

1 

2 

3 

4 

5 
6 

7 
8 
9 
10 

U 
15 
16 
\7 
18 

Cape  Florida,  Fla. 
Indian  Key,      " 
Key  West,         " 
Tortugas,          " 

Egmont  Key,    " 
Cedar  Keys,      « 
St.  Mark's.        " 
St.  George's  Isl.," 
Pensacola,         " 
Fort  Morgan,  Ala. 
Cat  Island,       La. 

SouthwestPass," 
Derni^re  L»l.,    " 
Calcasieu, 
Bolivar  Pt.,  Tex. 
Galveston,      " 
Aransas  Pass," 
Brazos  Sant,  " 

April  22  to  Oct.  31,  1854, 
Jan.  21  to  April  16,  1855, 
Apr.20,1850,toDec.31,'51, 
April  1  to  June  22, 1855, 

April  22  to  Aug.  23,  1854, 
Jan.  10  to  Mar.  16,  1852, 
Nov.3,  l854,toMar.  2,'55, 
April  11  to  Aug.  16,  18.'52, 
Aug.  27  to  Oct.  31,  1852, 
Aug.  20,1 850,  to  May  26, '5 1 , 
Dec.29,1847,toFeb.l3,'49, 

Nov.  1 9, 1 852,  to  Mar.  28,  '53, 
April  5  to  June  12,  1853, 
Feb.  24  to  May  26,  1854, 
Oct.  1, 1853,  toJune  1,1854, 
Mar.21,18.')l,toJan.  1,1853, 
Nov.  1 , 1 853,  to  Jan.  3 1 , 1 854, 
July7toOct.  13,  18.53, 

S.R.* 
S.R. 
Box, 
S.R. 

it 

Box, 
S.R. 

Box, 

it 

It 
it 

t€ 
t( 

S.R. 

tl 

Staff, 

Box, 
tt 

L.  E.  Tansill. 
L.  E.  Tansill. 
W.Lane&G.W.Goss. 
C.  T.  Thompson  and 

F.  Buxton. 
C.  T.  Thompson. 
G.  Wurdemann. 
C.  T.  Thompson. 
G.  Wurdemann. 
G.  Wurdemann. 
G.  Wurdemann. 
G.  Wurdemann    and 

R.  T.  Bassett. 
G.  Wurdemann. 
G.  Wurdemann. 
G.  Wurdemann. 
L.  E.  Tansill. 
G.  Price  and  F.  Muhr. 
G.  Wurdemann. 
G.  Wurdemann. 

♦  Self-registering  tide-gauge. 
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of  the  tidal  stations,  the  average  rise  and  fall  of  the  tide  at  each,  and 
the  height  of  the  diurnal  and  semi-diurnal  waves  composing  the  ob- 
served tide.  Table  No.  II.  shows  the  periods  during  which  the  tidal 
observations  were  made,  and  the  names  of  the  observers. 

A  diagram  (No.  1)  shows  these  results  graphically.  A  curved 
line  corresponding  to  the  general  outline  of  the  shore,  cutting  off 
its  irregularities,  is  drawn  on  the  chart  of  the  Gulf  coast,  and 
then  developed  into  a  straight  line.  Thus  the  tidal  stations  are 
plotted  at  their  distances  from  each  other  measured  along  the  general 
line  of  the  coast.  For  use  by  navigators,  any  intermediate  stations 
may  be  marked  in,  in  the  same  way,  and  a  rough  approximation  to 
the  character  of  the  tide  be  obtained  by  the  interpolation. 

The  least  observed  height  is  0.9  foot,  at  Brazos  Santiago,  and  the 
greatest  2.5  feet,  at  Cedar  Keys.  The  least  height  of  the  average  semi- 
diurnal tide  is  0.2  foot,  at  Southwest  Pass,  and  the  greatest  2.4  feet,  at 
Cedar  Keys.  The  least  height  of  the  average  diurnal  tide  is  0.2  foot, 
at  Cape  Florida,  and  the  greatest  1.8  feet,  at  St  Mark's.  Of  course, 
these  numbers  are,  for  reasons  easily  seen,  only  approximations. 

As  we  enter  the  Gulf  of  Mexico  by  the  Straits  of  Florida,  the  height 
of  the  tide  first  increases,  then  decreases.  Passing  into  the  bight  at 
the  upper  end  of  the  Florida  peninsula,  the  rise  is  greatest ;  west  of 
St;  George's  it  diminishes,  to  rise  again  in  the  bight  formed  by  the 
southern  coast  of  Louisiana  and  the  eastern  coast  of  Texas. 

In  the  decompositions  here  traced,  and  in  the  very  laborious  discus- 
sions, tentative  and  final,  of  the  whole  of  the  observations  upon  which 
this  paper  is  based,  I  would  acknowledge  the  great  assistance  derived 
from  the  labors  of  Assistant  L.  F.  Pourtales,  in  charge  of  the  tidal  di- 
vision of  the  Coast  Survey.  The  unwearied  assiduity  of  his  own 
labors,  and  his  intelligent  supervision  of  the  work  of  others,  have  been 
felt  at  every  step  in  the  progress  of  these  investigations.  They  have 
required,  on  his  part,  great  resources  of  ingenuity,  patience,  and 
knowledge. 

In  discussing  semi-diurnal  tides,  the  luni-tidal  interval  of  high  or 
low  water,  varying  only  from  a  certain  mean  within  moderate  limits, 
affords  a  cardinal  datum  (the  establishment)  for  the  times.  In  the  di- 
urnal tides  this  datum  is  wanting. 

The  law  of  the  change  of  the  diurnal  tide,  as  expressed  in  the  for- 
mula of  Professor  Airy  (Tides  and  Waves,  Encyclopsedia  Metropoli- 
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tana,  p.  254,  Art.  46),  is  in  general  represented ;  but  the  great  flat- 
ness in  the  form  of  the  curves  at  particular  relations  of  the  moon^s 
right  ascension  and  declination,  required  by  the  formula,  does  not 
occur.  The  general  form  of  these  curves  is  shown  upon  the  diagram 
No.  2,  where  the  abscisssB  represent  the  days,  and  the  ordinates  the 
loni* tidal  intervals  of  high  water.  About  the  maximum  of  declination, 
for  some  four  to  six  days,  the  luni-tidal  intervals  are  moderately 
constant,  and  the  average  of  these  is  what  I  have  taken  for  a  compari- 
son of  the  luni-tidal  intervals  to  trace  the  progress  of  the  diurnal  wave. 
The  variations  from  day  to  day  being  less  than  the  probable  irregular- 
ities in  the  times  of  high  water  and  the  uncertainties  in  the  observa- 
tions, these  means  give  suitable  numbers  for  comparison.  The  result 
would  not  have  been  greatly  different  had  only  a  few  of  the  observa- 
tions at  either  end  of  the  declination  period  been  thrown  off;  but  afler 
examination  we  found  these  numbers  to  present  apparently  the  best 
results. 

Jit  four  of  the  stations,  namely.  Key  West,  Fort  Morgan,  Cat 
Island,  and  Galveston,  hourly  observations  were  continued  during  a 
year  and  upwards,  and  the  decompositions  in  all  the  cases  but  Cat 
Island  embrace  that  period.  The  annual  change  of  diurnal  establish- 
ment (using  this  term  as  a  convenient  one  in  the  sense  heretofore 
stated)  is  very  clearly  seen  in  all  these  cases,  and  is  shown  in 
diagram  No.  3.  The  law  of  the  change  is  beautifully  developed  in 
the  larger  tides  of  the  Western  coast,  and,  as  deduced  from  the  San 
Francisco  observations,  is  shown  upon  the  same  diagram.  In  all  the 
cases  the  actual  computed  results  for  the  different  half-monthly  peri- 
ods are  shown  by  the  broken  lines  on  the  diagrams,  and  the  curve, 
representing  the  law,  is  drawn  with  a  free  hand  among  the  points. 
The  general  resemblance  of  these  curves,  with  however  different  max- 
imum ordinates,  is  very  striking,  showing  that  the  law  of  the  change  is 
the  same,  only  the  coefficients  of  the  functions  varying. 

On  diagram  No.  4  the  curve  derived  from  Professor  Airy's  formula 
(Theory  of  Tides  and  Waves,  Encyclopsedia  Metropolitana,  p.  254, 
Art.  46)  is  drawn,  as  well  as  that  from  observation  for  San  Francisco, 
and  the  general  conformity  is  quite  striking.  In  making  use  of  the 
curves  as  expressing  the  law  of  annual  change,  one  of  the  branches 
has  been  turned  over  upon  the  other,  so  as  to  use  the  mean  of  the  two 
periods  of  six  months. 
14 
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At  the  Other  fourteen  stations  on  the  Gulf  of  Mexico,  the  obsem- 
tions  were  continoed  from  one  to  three  lunations,  and  fell  in  difiereot 
parts  of  the  year.     To  reduce  these,  therefore,  to  the  same  period  d 
the  year,  it  is  necessary  to  employ  the  data  from  the  localities  where 
the  whole  annual  change  was  embraced.     The  results  are  plotted  on 
diagram  No.  4 ;  those  from  the  Brazos  to  Southwest  P^iss  on  the  cane 
for  Galveston,  those  from  the  Southwest  Pass  to  St.  George^s  on  the 
curve  for  Fort  3{oi^an,  and  those  from  St  Greoi^^s  to  Cape  Florida  oa 
the  curve  for  Key  West     There  is,  except  in  one  case,  a  general 
conformity  in  the  observed  changes,  and  in  those  deduced  from  the 
other  comparisons ;  at  least,  there  are  no  greater  contradictions  tbao 
those  presented  by  the  observations  from  which  the  mean  carves  are 
drawn.     From  these  plottings,  the  correction  necessary  to  reduce  Ae 
results  to  the  mean  of  the  year  are  derived,  and  the   annexed  table 
shows  the  diurnal  interval  as  deduced  directly  from  the  observations 
and  as  corrected.     It  is  satisfactory  to  see  that  the  correction  makes 
the  results  more  conformable  to  law,  increasing  therefore  the  probabil- 
ity that  the  correction  is  rightly  applied,  and  is  approximately  correct 
in  magnitude. 

TABLE   in. 


No. 


Stfttiom. 


Cape  Florida, 
Indian  Key, 
Key  West, 
Tortngas, 
Egmont  Key, 
Cedar  Keys, 
St.  Mark's, 
St.  George's  Island. 
Pensacola, 
Fort  Morgan, 
Cat  Island, 
Southwest  Pass, 
Demi5re  Island, 
Calcasieu, 
Bolivar  Point, 
(lalveston, 
Aransas  Pass, 
Brazos  Santiago, 
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The  first  column  of  the  table  contains  a  number  for  reference ;  the 
. .  second,  the  name  of  the  tidal  station ;  the  third,  fourth,  and  fifth,  the 
^  ^  latitude  and  longitude,  the  latter  in  degrees  and  in  time ;  the  sixth,  the 
luni-tidal  interval  about  the  maximum  of  declination ;  the  seventh,  the 
^ . .  sum  of  this  last-named  number  and  the  longitude  in  time ;  the  eighth, 
the  correction  to  reduce  the  observations  to  the  same  transit ;  the  ninth, 
the  correction  for  depth,  carrying  these  by  the  law  of  depth  to  deep 
-  „  water ;  the  tenth,  the  correction  to  reduce  the  observed  luni-tidal  inter- 
val at  maximum  to  the  mean  of  the  year ;  the  eleventh,  the  corrected 
colidal  hour. 

The  table  enables  us  satisfactorily  to  trace  the  diurnal  wave  from 
Cape  Florida  to  the  Tortugas,  across  by  the  deep  water  of  the  Gulf 
to  Southwest  Pass,  at  the  entrance  of  the  Mississippi,  and  from  this 
line  of  deep  water  to  the  western  coast  of  the  peninsula  of  Florida, 
by  Egmont  Key  (Tampa),  Cedar  Keys,  St.  Mark's,  and  St  George's 
Island,  and  in  the  bay  between  Southwest  Pass  and  St.  George's,  by 
Cat  Island,  Fort  Morgan,  and  Pensacola.  Again,  in  the  bight  between 
Southwest  Pass  and  the  Rio  Grande,  to  the  Rio  Grande,  Isle  Demiere, 
Aransas,  and  Calcasieu,  up  to  Galveston. 

In  obtaining  the  general  direction  of  the  cotidal  lines,  I  have  fol- 
lowed the  method  of  grouping  used  in  my  former  papers  in  the  forms 
given  by  Professor  Lloyd.  It  is  easy  to  obtain  an  idea  of  the  move- 
ment of  the  diurnal  wave  in  this  way,  but  the  selection  of  the  groups 
required  a  tedious  set  of  trials,  and  the  discussion  of  many  groups 
which  appeared  natural  proved  very  unsatisfactory.  The  burden  of 
the  computations  for  this  work  has  fallen  upon  Mr.  John  Downes. 

Table  No.  IV.  shows  the  groups  selected,  with  a  letter  attached  for 
reference,  the  names  of  the  stations  constituting  the  groups,  the  mean 
latitude  and  longitude  and  cotidal  hour  of  the  group,  the  values  of  the 
coefiicients  of  each,  the  angle  of  the  cotidal  line  with  the  meridian, 
the  difference  of  the  cotidal  hour  for  one  mile  perpendicular  to  the 
movement  of  the  wave,  and  the  velocity  in  miles  per  hour. 

On  the  character  of  these  groups  I  would  remark  as  follows :  — 
Group  A,  Cape  Florida,  Indian  Key,  and  Key  West,  and  B,  Indian 
Key,  Key  West,  and  Tortugas,  give  a  natural  movement  for  the  wave, 
though  showing  a  more  abrupt  change  than  is  probably  real.  The 
computed  and  observed  cotidal  hours  differ,  at  the  greatest,  but  one 
m'mute  and  a  quarter.     The  next  group,  C,  gives  a  satisfactory  idea 
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TABLE    IV. 
Discussion  of  Groups  of  Tidal  Stations  for  Diurnal  Wave, 


B 


D 


Stations. 


H 


Cape  Florida  JndlaD 
Key,  Key  West, 

Indian  Key,  Key 
West,  Tortugas, 

Key  West,  Eginont 
Key,  Cedar  Keys, 

Cedar  Keys,  St 
Mark*8,St.George'8 
Island, .    .    . 

St.  George's  Island, 
Pensacola,  Fort 
Morgan,   .    .    . 

Cedar  Keys,  St. 
Mark'SjStGeoi^ze's 
Isl.,PensaooIa,  Fort 
Morgan,  Cat  Isl., 
8.  W.  Pass,  . 

St  George's  Island, 
Pensacola,  Ft  Mor- 
gan, Cat  Island, 
S.W.Pas«,    . 

S.W.Pass,  Demftre 
Isl.,  Calcasiea,  Gal- 
veston, Aransas, 
Brazos,     .    . 


O   / 

80  55 


81  52 

82  32 

84  7 
86  49 

86  31 

87  41 
93  45 


o   I 
25  0 


24  38 
27  0 

29  31 

30  1 


h.in. 
21*  3 


22  28 

24  10 

25  45 
25  55 


—1.978—0.509 


—0.890—3.240 


29  43  25  56 


29  49 


25  50 


28  28 


26  4 


M     I  N 

Dlff.  of  Cotidal 
Hour  for  one 
Geog.  MUe  of 

I 


Angle 

Cotidal 
Angle. 


5.251 


1.095 


0.055 


0.048 


— OJJ75 


—0.241 


1.695 


2.358 


2.645 


0.911 


1.092 


O        I 

-14  28 


74  38 


—17  53 


—65     5 


—88  49 


—86  58 


75  62 


0.9441       63  19 

I 


2.052 
3.360 
6.518 

2.600 

2.645 

0.910 
1.127 
0.974 


3 

I 

1^ 


29.2 
17.8 
10.9 

22.7 

22.7 

66.0 
53.1 
61.6 


of  the  movement  of  the  wave  passing  round  the  Tortugas  and  up 
along  the  coast  of  the  peninsula,  over  the  extensive  flat  which  borders 
it.  The  next  group,  D,  Cedar  Keys,  St.  Mark's,  and  St  George's, 
presents  a  perfect  agreement  between  the  computed  and  observed  co- 
tidal  hours,  and  a  direction  and  velocity  agreeing  with  what  might 
have  been  supposed.  The  same  is  true  for  group  E,  St.  George's, 
Pensacola,  and  Fort  Morgan.  The  more  general  group,  F,  including 
the  stations  from  Cedar  Keys  to  Southwest  Pass,  agrees  in  its  indica- 
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tioos  with  those  given  by  the  partial  groups  ;  as  does  also  G,  including 
the  stations  from  St.  George^s  to  Southwest  Pass.  In  passing  west- 
ward and  southward,  the  direction  of  the  line  changes  rapidly,  and  no 
satisfactory  adjustment  by  groups  could  here  be  made.  From  South- 
west Pass  to  the  Brazos  Santiago,  the  smaller  groups  gave  decidedly 
anomalous  results  for  adjacent  stations,  pointing  to  the  more  general  ar- 
rangement of  the  lines  shown  by  group  H,  composed  of  Southwest 
Pass,  Demi^re  Isle,  Calcasieu,  Galveston,  Aransas,  and  Brazos  Santi- 
ago. The  agreement  of  the  cotidal  hours,  as  computed  and  observed, 
is  only  tolerable.  The  results  of  the  computations  for  Southwest  Pass, 
Demi^re  Isle,  and  Aransas  difier  severally  but  10,  1,  and  9  minutes 
from  the  observed,  but  those  for  Calcasieu,  Galveston,  and  Brazos 
differ  60,  33,  and  44  minutes. 

On  the  map  No.  V.  a  rough  outline  of  the  Gulf  coast  is  traced,  and 
the  cotidal  hours  are  marked  near  the  stations.  The  mean  cotidal 
line  for  each  group,  and  the  hour  before  and  af^er  the  mean  hour,  are 
marked  on  the  map,  showing  the  direction  and  velocity  of  the  diurnal 
wave  as  given  by  the  groups.  From  a  consideration  of  these,  and  of 
their  necessary  connection,  the  cotidal  lines  are  approximately  drawn. 
The  main  cotidal  line  of  the  northern  shore  of  the  Gulf,  as  traced  upon 
the  chart,  is  that  of  twenty-six  hours ;  twenty-seven  occurring  at  the 
head  of  the  bight  in  which  Galveston  lies.  The  twenty-five  hour  line 
appears  at  Cedar  Keys  and  touches  the  coast  again  below  Brazos, 
twenty-three  is  at  the  Tortugas  and  Key  West,  and  nineteen  at  Cape 
Florida. 

Semi-Diubnal  Tides. 

The  Table  No.  V.  of  semi-diurnal  tides  is  in  the  same  form  as 
No.  m.  for  diurnal  tides.  It  contains  a  number  for  reference,  the 
name  of  the  station,  its  latitude,  the  longitude  in  arc  and  in  time,  the 
establishment,  the  same  in  Greenwich  time,  the  correction  for  transit 
and  for  depth,  and  the  corrected  cotidal  hour. 

In  tracing  the  semi-diurnal  wave  as  it  enters  the  Straits  of  Florida, 
we  find,  after  a  slight  contradiction  between  Cape  Florida  and  Indian 
Key,  a  general  increase  of  the  cotidal  wave  in  the  right  direction  to 
the  Tortugas.  The  semi-diurnal  wave  here  gives  the  difference  of 
time  between  Cape  Florida  and  the  Tortugas  of  but  l*"-  24"-,  while  the 
diurnal  wave  gives  4'*-  IS"*.  The  lagging  of  the  diurnal  wave,  which 
14* 
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at  Cape  Florida  is  1*^  44'"-,  at  Indian  Key  is  9"  22'"-,  at  Key  West 
4'*  SI" ,  and  at  the  Tortugas  4'»-  23'»-. 

The  semi-diurnal  wave  passes  across  the  Gulf  to  the  Southwest  Pass 
as  did  the  diurnal,  the  establishment  at  the  Tortugas  being  14'''  25"^, 
and  at  the  Southwest  Pass  W-  38"-.  The  time  of  crossing  by  the 
semi-diurnal  wave  is,  however,  V'  13"*,  while  by  the  diurnal  wave 
it  was  l**'  50*°'.  The  lagging  of  the  diurnal  wave  behind  the  semi* 
diurnal,  which  at  the  Tortugas  was  9***  26"',  at  the  Southwest  Pass  is 
^h.  4Qm.  rjy^Q  mean  depth  of  the  portion  of  the  Gulf  traversed  by  the 
wave  computed  from  the  semi-diurnal  wave  is  sixteen  hundred  and 
sixty-six  fathoms,  and  from  the  diurnal  six  hundred  and  sixty-six  fath- 
oms ;  for  the  mean  result  of  the  two,  one  thousand  fathoms.  The  av- 
erage depth  has  not  yet  been  ascertained,  but  probably  does  not  ex- 
ceed one  thousand  fathoms. 


No. 


I 

2 

3 

4 

5 

6 

7 

S 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 


TABLE    V. 
Half -Daily  Cotidal  Hours  in  the  Gulf  of  Mexico. 


NameB  of  Stations. 


I 


Cape  Florida, 
Indian  Key, 
Key  West, 
Tortugas, 
Egmont  Key, 
Cedar  Keys, 
St.  Mark's, 
St  Oeorge*8  Island, 
Pensacola, 
Fort  Mor«m, 
Cat  Island, 
Southwest  Pass, 
Demi^re  Island, 
Calcasien, 
Bolivar  Point, 
Galveston, 
Aransas  Pass, 
Brazos  Santiago, 


25  40 
24  52 
24  27 
24  34 

27  36 

28  58 
SO  0 

29  35 

30  18 
30  9 
30  6 
28  56 

28  58 

29  40 
29  23 
29  18 
28  15 

26  6 


LoQgltade 


In  Arc. 


80  9 

80  44 

81  53 

82  59 
82  46 
82  57 

84  11 

85  12 

87  15 

88  0 

88  38 

89  22 

90  58 

93  21 

94  46 
94  41 

96  31 

97  10 


In 
Time. 


ill 

9^ 


h.  m. 
5  21 
5  23 
5  28 
5  32 
5  31 
5  32 
5  37 
5  41 
5  49 
5  52 
5  55 

5  57 

6  4 
6  13 
6  19 
6  19 
6  26 1 14  30 
6  29 ; 14  45 


h.  m. 
8  17 

8  2 

9  10 
9  22 

11  26 
13  9 

13  37 

14  59 

10  53 

11  9 

12  53 
10  23 

13  37 

14  56 
16  47 


xi  S 

Corrocuon 

1 

ii 

For 
Tran- 
sit 

For 
Depth; 

h.  m. 

m. 

m. 

h.m. 

13  38 

—  17 

—  20 

13    1 

13  25 

—  16 

-15 

12  54 

14  38 

—  18 

—  19 

14    1 

14  54 

—  19 

—  10 

14  25 

16  57 

—  23 

—  20 

16  14 

18  41 

—  26 

—  45 

17  30 

19  14 

—  27 

—  22 

18  25 

20  40 

—  30 

—  25 

19  45 

16  42 

—  22 

—  17 

16    3 

17    1 

—  22 

—  14 

16  25 

18  48 

—  26 

—  81 

17    1 

16  20 

—  21 

—  21 

15  38 

19  41 

—  27 

—  24 

18  50 

21    9 

—  30 

—  17 

20  22 

23    6 

—  34 

—  12 

—  30 

22  20 

20  56 

—  29 

—  17 

1910 

21  14 

—  29 

—  15 

20  30 

From  this  line  of  deep  water  the  semi-diurnal  wave  reaches  the  sta- 
tions on  the  western  coast  of  the  Florida  peninsula  in  their  order,  from 
south  to  north,  and  west.  The  movement  west  of  St.  George's  ap- 
pears to  be  in  the  order  of  Pensacola,  Fort  Morgan,  and  Cat  Island, 
while  for  the  diurnal  wave  it  was  Cat  Island,  Fort  Morgan,  and  Pensa- 
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cola.  To  the  westward  of  Southwest  Pass  there  is  a  sudden  increase 
ofestablishment,  as  if  another  semi-diurnal  wave  brought  the  tides  there. 
The  mean  cotidal  hour  of  the  five  stations  west  of  Southwest  Pass  is 
20^  14"-,  while  that  of  Southwest  Pass  and  three  east  of  it  is  IG"-  17"s 
a  diflerence  of  about  four  hours.  This,  taken  with  the  remarks  already 
made  in  regard  to  the  appearance  of  two  high  waters  in  the  curves  for 
Isle  Demiere  and  Calcasieu,  indicates  a  system  of  interferences  yet  to 
be  unravelled. 

As  was  the  case  with  the  diurnal  wave,  the  stations  at  Isle  Demiere 
and  Calcasieu  gave  cotidal  hours  very  like  those  of  Brazos  Santiago 
and  Aransas,  and  Galveston  is  later  than  either. 

Upon  the  whole,  then,  there  is  a  general  resemblance  in  the  motion 
of  the  two  waves  as  assigned  by  observation,  with  some  considerable 
discrepancies.  The  annexed  Table  No.  VI.  shows  the  difference  be- 
tween the  establishments  of  the  diurnal  and  semi-diurnal  waves  at  the 
several  stations. 

TABLE  VL 

Compariaon  of  EstablUhmenU  of  Half-Day  and  Day  Tides,  in  the  Gulf  of  Mexico. 


No. 

Statkmi. 

DifEunenoe  between  Day 

and  Half-Day. 

h.  m. 

1 

Cape  Florida, 
Indian  Key, 

6  28 

2 

8  16 

3 

Key  West, 

9  22 

4 

Tortugas, 

9  26 

5 

Egmont  Key, 

7  54 

6 

Cedar  Key, 

8  21 

7 

St.  Mark's, 

8  39 

8 

St  Qeorge's  Island, 

5  19 

9 

Fensacola, 

10  57 

10 

Fort  Morgan, 

10  12 

11 

Cat  Island, 

9  17 

12 

Southwest  Pass, 

10    4 

13 

Demiere  Island, 

7  19 

14 

Calcasieu, 

5  53 

15 

Bolivar  Point, 

6  17 

16 

5  59 

17 

Brazos  Santiago, 

5    4 

When  we  come  to  follow  these  results  into  the  discussion  of  the 
groups,  they  are  far  from  satisfactory.  Perhaps  this  was  to  have  been 
expected  from  the  circumstances  before  stated.  The  groups  were 
nevertheless  elaborately  examined,  though  without  much  fruit.  The 
table  of  groups  is  arranged  as  for  the  diurnal  tides,  containing,  as  be- 
fore, a  number  for  reference,  the  names  of  the  stations,  and  the  lati- 
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tude  and  longitude,  the  values  of  the  coefficients  of  each,  the  angle 
made  by  the  cotidal  line  with  the  meridian,  the  movement  of  the 
wave  perpendicular  to  the  cotidal  line  expressed  by  the  number  of 
minutes  employed  in  traversing  a  mile,  and  the  miles  per  hour.  See 
Table  VII. 


TABLE  Vn. 

Recapihdation  of  Groupa  for  Udf-Day  Tides. 


Statioof  in  Group. 


MMn 
Longi' 


lAtl- 

tode. 


Cape  Flor.,  Ind.  K,  K  West, 
Ind.  K.,  Key  West,  Tortngas, 
Egm.  K,  Cedar  E.,  St.  Mark*8,'8d  18 
Ft.  Mor.,  Cat  IsL,  S.  W.  Passjss  40 
Isle  Dern.,  Calcas.,  Bolivar  Pt ,  93    2 
S.  W.  Pass,  Dera.  IsL,  Cal- )  L, 
casien,  BolJYar  Pt,  Brazos,  >  I 


80  55,25  0 

81  52  24  38 

28  61 

29  44 
29  >0 

28  37 


Coti- 
dal 
Hour. 


h.  m. 

13  19-1.515 

13  47-0.551 


17  23 
16  21 
20  31 


0.049 

-1.260 

1.246 


19  32-1.243 


N 


1.151 
-1.288 
0.935 
1.887 
-1.517 

1.488 


Angle. 


,  Min- 
I  xktM  Wkm 
to    jw 

one  Boor. 

Mile. 


Oil  I 
37  14  1.902  SU 
-66  49  1.401142.8 
-87  00.935  64.2 
56  16,2.269  264 
50  36:1.96330.6 

50  07  1.93930.9! 


Groups  A  and  B,  composed  of  Cape  Florida,  Indian  Key,  and  Key 
West,  and  of  Indian  Key,  Key  West,  and  Tortugas,  give,  especially 
the  first,  plausible  results,  and  the  computed  establishments  vary  but 
1"'.5,  at  the  greatest,  from  the  observed.  I  have  not  been  able  to 
form  any  satisfactory  connection  between  these  groups  and  those  on 
the  western  coast  of  the  penmsula.  The  next  group,  which  gives  a 
tolerable  result,  is  Egmont  Key,  Cedar  Keys,  and  St  Mark's.  In  this 
the  direction  of  the  cotidal  line,  the  velocity,  and  the  establishments 
are  satisfactory. 

The  establishment  of  St  George's  station  is  irregular,  and  is  very 
probably  erroneous.  The  semi-diurnal  wave  is  composed  of  two  very 
small  ones,  and  it  has  been  necessary  to  reconcile  the  discrepancies 
which  they  presented,  sometimes  one  being  the  governing  tide,  and 
sometimes  the  other. 

Group  D,  composed  of  Fort  Morgan,  Cat  Island,  and  Southwest 
Pass,  is  the  next,  which  gives  a  good  result. 

E,  composed  of  Isle  Demi^re,  Calcasieu,  and  Bolivar  Point,  and  F, 
of  all  the  stations  from  Southwest  Pass  to  Brazos  Santiago  except 
Aransas,  give  good  results  as  to  direction  and  velocity,  the  cotidal 
hour  of  twenty  for  the  two  groups  falling  upon  each  other.  The 
computed  establishments,  as  in  the  case  of  the  diurnal  wave,  present 


166  A.      MATHEMATICS   AND   PHYSICS. 

examined  with  but  little  satisfaction  as  to  the  conclusions ;  these  will 
now  be  resumed,  and  may  throw  additional  light  upon  the  results  at 
some  of  the  doubtful  stations.  The  interference  problems  will  be 
taken  up  when  more  extended  data  give  better  hopes  of  a  satisfactory 
solution  of  them. 


2.  Notes  on  thb  Progress  made  in  the  Coast  Survey,  in  Pre- 
diction Tables  for  the  Tides  of  the  United  States  Coast. 
By  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey.  [Commu- 
nicated by  Authority  of  the  Treasury  Department.] 

As  soon  as  tidal  observations  had  accumulated  sufficiently  to  make 
the  task  a  profitable  one,  I  caused  them  to  be  treated,  under  my  im- 
mediate direction,  by  the  methods  in  most  general  acceptance. 
The  observations  of  Old  Point  Comfort,  Virginia,  were  among  tbe 
earliest  used  for  this  purpose,  and  the  labors  of  Commander  Charlea 
H.  Davis,  U.  S.  N.,  then  an  assistant  in  the  Coast  Survey,  were  di- 
rected to  their  reduction,  chiefly  by  the  graphical  methods  pointed  out 
by  Mr.  Whewell.  This  work  was  subsequently  continued  by  Mr. 
Lubbock's  method,  by  Mr.  Henry  Mitchell,  and  next  the  tides  of 
Boston  harbor  were  taken  up,  as  aflbrding  certain  advantages  in  the 
observations  themselves  which  could  not  be  claimed  for  those  of  Old 
Point. 

The  system  of  Mr.  Lubbock  is  founded  on  the  equilibrium  theory, 
and  in  it  the  inequalities  are  sought  by  arranging  the  elements  of  the 
moon's  and  sun's  motions,  upon  which  they  depend.  Having  obtained 
the  coefficient  of  the  half-monthly  inequality  of  the  semi-diurnal  tide 
at  Boston,  from  seven  years'  observations,  through  the  labors  of  the 
tidal  division,  and  approximate  corrections  for  the  parallax  and  decli- 
nation, I  was  much  disappointed  in  attempting  the  verification  by  ap- 
plying them  to  individual  tides  for  a  year  during  which  we  had  obser- 
vations. There  was  a  general  agreement  on  the  average,  but  discrep- 
ancies in  the  single  cases,  which  were  quite  unsatisfactory.  Nor  were 
these  discrepancies  without  law,  as  representing  their  residuals  by 
curves  did  not  fail  to  show.  By  introducing  corrections  for  declina- 
tion and  parallax  of  the  moon  increasing  and  decreasing,  we  reduced 
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these  discrepancies ;   but  still  the  results  were  not  sufficient  approxi- 
mations. 

With  the  numerical  reductions  of  the  observations  before  referred 
to,  was  commenced,  in  1853,  under  my  immediate  direction,  by  Mr. 
L.  W.  Meech,  a  study  of  the  theory  of  the  tides,  directed  chiefly  to  the 
works  of  Bernouilli,  La  Place,  Airy,  Lubbock,  and  Whewell.  The 
immediate  object  which  I  had  in  view  was  the  application  of  the  wave 
theory  to  the  discussion  of  our  observations.  I  thought  that  the  mind 
of  an  expert  mathematician,  directed  entirely  to  the  theoretical  por- 
tions of  this  work,  with  durections  by  a  physicist,  and  full  opportunities 
of  verifying  results  by  extended  series  of  observations,  the  computa- 
tions of  which  should  be  made  by  others  in  any  desired  form,  would 
give,  probably,  the  best  results  in  this  combined  physical  and  mathe- 
matical investigation. 

The  general  form  of  the  different  functions  expressing  the  tidal  in- 
equalities is  the  same  in  the  different  theories,  and  may  be  said  on  the 
average  to  be  satisfactory  as  to  the  laws  of  change  which  these  in- 
equalities present  Whether  we  adopt,  with  La  Place,  the  idea  that 
periodical  forces  produce  periodical  eflects,  or,  with  Airy,  the  idea  that 
the  tidal  wave  arrives  by  two  or  more  canals,  or,  with  Bernouilli  and 
Lubbock,  the  results  of  an  equilibrium  spheroid,  or,  with  Whewell, 
make  a  series  of  inequalities,  semi-menstrual,  parallax,  and  declina- 
tion, with  different  epochs,  we  arrive  at  the  same  general  results,  that 
the  heights  and  times  of  high  water  may  be  represented  by  certain 
functions,  with  indeterminate  coefficients,  in  the  form  of  which  the  the- 
ories in  a  general  way  agree.  By  forming  equations  from  the  obser- 
vations, and  obtaining  the  numerical  values  of  the  coefficients,  by  the 
method  used  so  commonly  in  astronomical  computations,  the  result  is 
accomplished. 

A  general  consideration  of  the  co-ordinates  in  space  of  the  moon 
and  sun,  without  any  special  theory,  would  lead  to  the  same  result, 
representing  the  luni-tidal  interval  by  series  of  sines  and  co-sines  with 
indeterminate  coefficients. 

Calling  I  the  lunitidal  interval  from  observation,  X  the  mean  luni- 
tidal  interval,  fl  the  clock  time  of  observation,  I't  the  moon's  longi- 
tude, P'  the  moon's  parallax,  and  dP'  the  hourly  variation  of  the 
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moon's  parallax,  we  have,  for  the  formula  representing  the  correction 
for  half- monthly  inequality, 

8  8\n2H  -{-  Si  cos  2  H ; 
for  the  moon's  parallax  correction, 

p  (p/  _  57')  + 1^  (F  _  57')  sin  2H  +  pi{F  —  57')  cos  2  H; 
for  the  correction  for  hourly  difference  of  the  moon's  parallax, 
p^  (^p/)  ^p^  (a F)  sin  2H+ps{dP')co82  H; 
and  for  the  moon's  declination  corrections,  including  the  rate  of  change, 

d  sin  2  I't  +  <fi  cos2  Vt  +  q^  sin  2  Vt  sin  2  H+  ^j  sin  2  Z'«  cos2  H 
+  ^3  cos  2  Z'f  sin  2  if  +  ^^  cos  2  Z'«  cos  2  IT. 

There  are  corresponding  terms  for  the  inequalities  produced  by  the 
sun's  action. 
The  whole  formula  takes  the  form, 

{Mean  interval  and  half- monthly 
inequality  correction. 

p  (P'  _  57')  +  Pi  (P'  —  57')  sin  2  H  ) 

I         /  o/       ci^/\        o  o  I  Moon's  parallax  correction. 
+  /?,  (P'  —  57')  cos2  H  )  ^ 

{  Hourly  diff.  of  Moon's 
MSP')  +  MSP')sinflH  +  p,{8P')cos2H\    j« J,, eorr«cdon. 

d  sin  2  Vt  +  qi  sin  2  Vt  sin  2  iJ  +  q^  sin  2  Z'«  cos  2  H  (  Moon's  declina- 
di  cos  2  Z'«  +  5'8  cos  2  Vt  sin  2  if  +  q^  cos  2  Z'«  cos  2  H I  tion  corrections. 

+  i.  sin  Z  i  sin  2  JT  +  ^  sin  1 1  cos  2  H  )  cs     ^  n  .-««» 

•^   *  '    ^  }  Sun's  parallax  corrections. 

+  tg  cos  Z  i  sin  2  if  +  «4  cos  Z  i  cos  2  H  ) 

+  Qi  sin  2  Z«  sin  2  H+  Qg  sin  2  Z<  cos  2  if  )  Sun's  declination  cor- 
-|-QsCos2  Zi  shi2  jH'  +  Q4Cos2  Z«  cos2  jff  )  rections. 

The  grouping  of  the  observations  of  one  year  at  Boston,  to  apply 
this  method,  the  formation  of  the  equations,  and  their  solution  by  the 
method  of  indirect  elimination,  has  been  the  work  of  Mr.  R.  S.  Avery, 
who  has  labored  most  assiduously  and  successfully,  ingeniously  check- 
ing his  work  where  the  system  of  checks  could  be  applied,  at  every 
step.  He  has  determined  the  values  of  X  and  of  the  coefficients  for 
Boston  as  follows :  — 
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i  =  +  38.47,        d  =  —  3.17,        di  =  —  35.62, 
p  =  —  0.93,       p,  =  —  1.56,       «  =  —  19.49,     «i  =  +  11.97, 
ft  =  +1.31,       !>,  =  — 1.21,       ;7,  =  +  0.23,       p.  =  +  0.60, 
q,=  —  7.17,       ^,  =  +  1.81,       ^,  =  +  2.91,       ^4  =  —  199, 
/i  =  +  5.14,        <«  =  +  2.26,      ^  =  —  0.76,        ^  =  —  1.37, 
Qi  =  — 21iJ5,    Qa=:  + 28.39,   Q,=  + 27.10,      Q4=+ 23.13. 

There  are  propositions  for  facilitating  this  work,  growing  out  of  the 
experience  acquired  in  the  computations,  but  requiring  more  examina- 
tion than  they  have  yet  received  before  pronouncing  upon  them.  It 
is  possible  that,  by  applying  Lubbock^s  method  of  averages  to  some  of 
the  terms,  approximate  values  may  be  found  more  readily  than  by  the 
method  we  have  employed.  Two  additional  terms  for  the  sun's  decli- 
nation, D  sin  2  Z  t,  and  A  cos  2  Z  <,  will  be  introduced.  I  present  to 
the  Association  the  tables  computed  by  Mr.  Avery  for  applying  this 
method  to  the  prediction  of  the  tides  at  Boston  harbor. 

In  order  to  test  the  coefficients,  computations  were  made  for  differ- 
ent parts  of  the  months  of  the  year  1853  for  which  we  have  observa- 
tions.   Transit  C  was  used  as  the  transit  of  reference. 

The  difierences  between  the  predicted  and  observed  results  are 
shown  in  the  annexed  table,  the  first  column  of  which  contains  the 
dates,  the  second  the  computed,  the  third  the  observed,  and  the  fourth 
the  observed  less  the  computed  results. 

From  this  table  it  appears  that  in  twenty  pairs  of  tides,  the  morning 
and  aflemoon  results  being  grouped  in  the  fif\h  column  to  get  rid  of 
tiie  diurnal  inequality,  there  are  two  differences  of  less  than  2"  ,  thir- 
teen of  more  than  2"*  and  less  than  4"*,  three  of  more  than  4"*  and 
less  than  lO"*,  and  two  of  more  than  10"'.  The  probable  error  of  the 
prediction  of  a  single  pair  of  tides  is  4"'*.12. 

These  laborious  researches  are  still  in  progress,  but  1  have  thought 
that  the  results  already  obtained  required  a  notice  of  them,  and  a  rec- 
ognition of  the  labors  of  Messrs.  Meech  and  Avery. 
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Comparison  of  Obmved  and  Predicted  Tunes  of  High  Water,  Boston,  Massachmetts. 


Final  Mean, 

Probable  error,  minutes 


Date.    1868. 

Time  of  High  Watar. 

Diflnenoe 

MeenofPaixs.  ' 

Predicted. 

ObflerrwL 

Obe.  Pr. 

h.     m. 

h.  m. 

m. 

m. 

March                       .21 

8    4.7 

8    3 

—  1.7 

»i 

.      21 

20  32.9 

20  32 

—  0.9 

—  1.3 

ii 

.  25 

11  28.0 

11  21 

—  7.0 

ti 

25 

23  49.8 

23  48 

—  1.8 

—  4.4 

t» 

.  29 

2  21.7 

220 

—  1.7 

IC 

29 

14  45.3 

14  42 

—  3.3 

—  2  5 

April     *    . 

.    2 

6  16.9 

6  21 

4.1 

u 

2 

18  51.5 

18  59 

7.5 

5.8 

IC 

.     6 

10  19.8 

10  18 

—  1.8 

ti 

6 

22  40.2 

22  36 

—  4.2 

—  3.0 

June 

.  21 

11  18.4 

U  18 

—  0.4 

"        • 

21 

23  44.7 

23  49 

4.3 

2.0      ] 

»t 

.  25 

2  34.5 

2  39 

4.5 

1 

li 

.       25 

15    2.3 

15    3 

0.7 

2.6 

M 

.  29 

5  57.7 

6    7 

9.3 

U 

29 

18  24.3 

18  37 

12.7 

11.0 

Jnly      *   . 

.    3 

9  27.4 

9  31 

3.6 

«« 

3 

21  52.2 

21  53 

0.8 

2.2 

€i 

.     7 

0    0.1 

0    3 

2.9 

€€ 

7 

12  10.3 

12  12 

1.7 

2.3 

September 

.  24 

3  59.4 

4    7 

7.6 

»< 

24 

16  24.8 

16  24 

-  0.8 

8.4 

(( 

.  28 

7  39.7 

7  44 

4.3 

(( 

28 

20  11.6 

20  15 

3.4 

3.9 

October 

.     2 

11    6.1 

11    4 

—  2.1 

(( 

2 

23  31.1 

23  30 

—  1.1 

—  1.6 

n 

.    6 

144.7 

140 

—  4.7 

ft 

6 

14    7.7 

14    7 

—  0.7 

—  2.7 

u 

.  10 

5  24.5 

5  19 

—  5.5 

it 

10 

17  57.8 

17  58 

0.2 

—  2.7 

December 

.  21 

3    7.2 

3    9 

1.8 

1        "    . 

21 

15  284 

15  30 

1.6 

1.7 

** 

.  25 

6  32.6 

6  31 

—  1.6 

(( 

25 

19    0.7 

18  52 

—  8.7 

—  5.2 

" 

.  29 

10  224 

10  26 

3.6 

'        tt 

29 

22  53.3 

22  42 

—11.3 

—  3.9 

Janaary    . 

.    2 

129.4 

1    2 

-27.4 

(( 

2 

13  54.0 

13  41 

—13.0 

—20.2 

t( 

.     6 

4  45.8 

4  53 

7.2 

« 

6 

17  33.9 

17  30 

—  3.9 

1.7 

0.5 
4.12 


Number  of  differences  less  than  two  minutes  =   2 

Number  of  differences  more  than  two  minutes  and  less  than  four  =  13 

"  44  a  fou,  u  ii  u        ten    -:    8 
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3.  Observations  to  dbterminb  the  Cause  op  the  Increase  of 
Sandy  Hook,  made  by  the  Coast  Survey  pob  the  Commis- 
sioners ON  Harbor  Encroachments  op  New  York.  By  A.  D. 
Bache,  Superintendent  U.  S.  Coast  Survey. 

Abstract. 

It  is  known  as  one  of  the  developments  of  the  Coast  Survey,  that  the 
peninsula  of  Sandy  Hook  is  gradually  increasing,  growing  to  the 
northward  in  the  main  ship-channel.  A  spot  north  of  the  Hook, 
where  there  was  forty  feet  of  water  when  Captain  Gedney  made  his 
survey,  in  less  than  ten  years  was  nearly  bare  at  low  water.  The  im- 
portance of  determining  the  cause  of  this  increase,  as  leading  to  the 
means  of  controlling  it,  cannot  be  over-estimated.  The  Commissioners 
on  Harbor  Encroachments  had  early  attended  to  this  matter,  and  re- 
quested that  the  necessary  observations  for  its  investigation  should  be 
made.  These  were  made,  under  my  immediate  direction,  by  Henry 
Mitchell,  one  of  the  sub-assistants  in  the  Coast  Survey,  with  all  desirable 
zeal  and  ability.  Various  causes  had  been  assigned  for  this  growth, 
by  the  action  of  the  waves  and  winds  sometimes  on  the  outer  side  and 
sometimes  on  the  inside  of  the  Hook.  The  effect  of  the  opening 
and  closing  of  Shrewsbury  Inlet  had  also  been  insisted  upon.  To 
examine  these  and  other  probable  causes,  laborious  observations  of 
tides  and  currents  had  been  made  in  the  vicinity,  at  stations  marked 
upon  the  map  now  exhibited  to  the  Association.  Careful  measure- 
ments of  the  low-water  line  had  also  been  made  in  connection  with 
these  observations,  and  with  others  of  the  force  and  direction  of  the 
wind.  Objects  easily  distinguished  from  the  sand,  and  of  various 
specific  gravities  and  shapes,  had  been  deposited  near  the  shore  of 
the  Hook  to  determine  the  power  and  direction  of  transportation  of 
matter  along  the  shores  of  the  Hook.  It  is  easy  to  see  how  laborious 
all  of  these  observations  are,  and  that  some  of  them  are  obtained  with 
considerable  danger.  Hence  the  credit  to  be  given  to  Mr.  Mitchell 
niay  be  measured.  The  results  of  these  observations  have  not  yet 
been  worked  out  in  all  their  detail,  but  the  conclusions  from  them  are 
perfectly  safe,  and  are  of  the  highest  importance.  It  turns  out  that 
this  growth  of  the  Hook  is  not  an  accidental  phenomenon,  but  goes  on 
regularly,  and  according  to  determinable  laws.     The  amount  of  in- 
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crease  depends  upon  variable  causes,  but  the  general  fact  is,  that  it 
increases  year  by  year ;  and  the  cause  of  this  is  a  remarkable  north- 
wardly current,  the  amount  and  duration  of  which  these  observations 
assign  along  both  shores  of  the  Hook,  the  outer  one  extending  across 
the  whole  breadth  of  False  Hook  channel  with  varying  velocity,  and 
the  one  inside  of  the  Hook  extending  nearly  one  third  of  the  distance 
across  Sandy  Hook  bay.  These  currents  run  to  the  north  during 
both  ebb  and  flood  tide,  with  varying  rates,  and  result  from  those  tides 
directly  and  indirectly.  The  inner  current  is  the  one  by  which  the 
flood  and  ebb  tides  draw,  by  the  lateral  communication  of  motion,  the 
water  from  Sandy  Hook  bay ;  and  the  outer  is  similarly  related  to 
those  tides  as  they  pass  False  Hook  channel.  The  velocities  and 
directions  which  have  been  found,  prove  this  ccnaclusively.  An  im- 
portant observation  for  navigation  results  from  this ;  for  more  than 
seven  hours  out  of  the  twelve  there  is  a  northwardly  current  running 
through  False  Hook  channel,  which  assists  vessels  entering  New  York 
harbor  on  the  ebb  tide,  and  is  to  be  avoided  in  passing  out  with  the  ebb. 
This  northwardly  current  runs  on  the  inside  for  eleven  hours  out  of  the 
twelve.  It  is  the  conflict  of  these  two  northwardly  currents  outside 
and  inside,  and  the  deposit  of  the  materials  which  they  carry  to  the 
point  of  the  Hook,  which  cause  its  growth.  Within  a  century  it  has 
increased  nearly  a  mile,  and  at  the  rate  of  about  one  sixteenth  of  a 
mile,  on  the  average,  in  twelve  years.  Flynn's  Knoll,  on  the  north 
side  of  the  main  ship-channel,  does  not  give  way  as  much  as  the  point 
of  the  Hook  advances.  The  importance  of  watching  this  movement 
cannot,  therefore,  be  overstated.  The  mode  of  controlling  the  growth 
is  obvious  from  the  result  obtained.  The  observations  are  still  contin- 
ued, to  obtain  the  necessary  numerical  results. 
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4.  Notice  op  Obseevations  to  dbteemine  the  Progress  of  the 
Tidal  Wave  of  the  Hudson  River,  made  by  the  Coast  Survey 
for  the  Commissioners  on  Harbor  Encroachments.  By  A.  D. 
Bache,  Superintendent  U.  S.  Coast  Survey. 

AbstracL 

Professor  Bache  explained  the  importance  of  a  knowledge  of  the 
movement  of  the  tide-wave  up  the  Hudson  River  to  the  determination 
of  the  shore  line  of  New  York  bay  and  harbor,  and  the  subject  of 
encroachment  upon  the  area  of  the  harbor,  and  stated  that  the  New 
York  Commissioners  had  directed  a  full  series  of  observations  to  be 
made  for  the  examination  of  this  point  in  the  bearing  just  referred  to, 
and  also  on  the  character  of  the  improvements  projected  for  the  Hud- 
son River  at  the  Overslaugh,  and  indeed  in  the  whole  distance  from 
Troy  to  New  Baltimore.  Nine  tidal  stations  were  in  the  course  of 
occupation  between  Governor's  Island,  New  York,  and  Greenbush, 
opposite  Albany.  At  the  two  terminal  stations  Saxton's  self-register- 
mg  gauges  were  placed,  and  he  had  expected  to  invite  the  members  to 
see  the  Albany  gauge ;  but  the  late  freshet  in  the  river  had  required 
its  removal  for  the  present.  Professor  Bache  explained  the  selections 
made  of  the  localities  of  the  tidal  stations,  and  the  reasons  for  their 
special  positions,  and  stated  that  the  results  of  the  work  would  here- 
after be  laid  before  the  Association. 


5.  Supplement  to  the  Paper  on  the  "Secular  Variation  in 
the  Magnetic  Declination  on  the  Atlantic  and  Gulf  Coast 
op  the  United  States,  from  Observations  in  the  17th, 
18th,  and  19th  Centuries,"  published  in  the  Providence 
Proceedings  op  the  Association.  By  Charles  A.  Schott, 
U.  S.  Coast  Survey.  (By  Permission  of  the  Superintendent  of 
the  U.  S.  Coast  Survey.) 

The  former  discussion  of  the  secular  change  of  magnetic  declina- 
tion having  pointed  out  where  new  observations  would  be  of  special 
15  • 
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value,  such  additional  determinations  have  been  made  by  myself  at  a 
number  of  stations,  under  the  direction  of  Professor  Bache.  By  their 
introduction,  the  conclusions  previously  arrived  at  have  been  materi- 
s^lly  improved  in  accuracy,  and  have  received  important  additions, 
which  it  is  the  purpose  of  this  paper  briefly  to  state,  with  special  refer- 
euce  to  the  formula  and  notation  used  in  the  former  discussion. 

This  supplement  is  confined  to  the  subdivisions  {h)  and  ((2),  and 
includes  new  determinations  of  the  declination  at  Burlington,  Vt, 
Boston,  Providence,  New  Haven,  New  York,  Philadelphia,  Cape  May, 
and  Washington  City,  made  during  the  months  of  August  and  Septem- 
ber, 1855. 

The  results  of  the  rediscussion  are  presented  in  the  following  tables, 
which  partly  take  the  place  of  those  given  on  pages  168  and  169  of 
the  Proceedings  of  the  Ninth  Meeting. 


Sjfttopsia  of  Reatdts  of  the  DtBcuaionJbr  Seeukar  Variaiion  at  Thirieen  Statiou. 


1 

Station. 

LaU- 
tade. 

Longl- 
tade. 

DMUnation. 

Burlington,  Yt 

O       1 

44  28 

O       1 

73  10 

Z>»+8!22+0.0494(t- 

-1830) +0  000631  (<- 

-1830)« 

2 

Boston, 

42  20 

71    2 

"     H-8.33-I-0.0622 

(( 

+0.000596 

u 

3 

Cambridge, 

42  23 

71    7 

"     +8.55+0.0702 

(C 

+0.000720 

(( 

4 

Providence, 

4150 

7124 

"     +7.61+0.0664 

u 

+0^)00852 

i( 

5 

New  Haven, 

41  17 

72  55 

"     +5.40+0.0475 

(( 

+0.000814 

t< 

6 

New  York, 

40  43 

74    0 

<*    +6.07+0.0536 

+0.0008O0 

l< 

7 

Hatborongh, 
Philadelphia, 

40    7 

75    8 

"     +2.86+0.0683 

» 

+0.001169 

"    1 

8 

39  58 

75  10 

"     +2.52+0.0595 

(( 

+0.001232 

((       I 

9 

Cape  Maj, 

38  56 

74  57 

"     +0.88+0.0582 

it 

+0.000809 

»« 

10 

Washington, 

38  53 

77    1 

"     +0.88+0.0412 

tl 

+0.001080 

tt 

11 

Charleston, 

32  45 

79  51 

"    —^.33+0.0485 

ft 

+0.000722 

« 

12 

Mobile, 

30  14 

88    0 

"    —7.24+0.0072 

(t 

+0.000123 

13 

Havana,  Cuba, 

23    9 

82  22    "    —6.08+0.0098 

u 

+0.000255 

a 

^. 

station.         .    tg    |     t 

d 

Annual  Variation. 

1:^ 

1 

Burlington,  Vt.  ±  10  1800.3 

o 
+7.49 

F=  +0.049  +0.00166  (f— 1830) 

+4.'9 

2 

Boston,             ±  12  1777.8 

+6.72 

«     +0.062+0.00119         « 

+5.« 

3 

Cambridge,       ±    5  1781.2 

+6.83 

"     +0.070+0.00144 

+S.9 

4 

Providence,      ;±    71791.0 

+6.14 

"     +0.070+0.00178 

+6Ji 

5 

New  Haven,     l±  11  1800.8 

+4.71 

«     +0.047+0.00163 

+4-8 

6 

New  York,       '±  15  1796.5 

+4.15 

«     +0.054+0.00160        " 

+5J1 

7 

Hatborongh,     ±    8  1799.5 
Philadelphia,    i±  21  1805.9 

+1.87 

"    +0.068  4^.00224 

+«.8 

8 

+1.80 

'*     +0.060+0.00246 

+M 

9 

Cape  May,         1797.1 

+1.00 

"     +0X)53 +0.00162 

t?-,'. 

10 

Washington,      ....  1810.9 

+0.49 

"     +0.041  +0.00216 

+i.O 

11 

Charieston,        ±  10  1796.4 

—4.16 

"     +0.048+0.00144 

+*•«> 

12 

Mobile,             1  ....'1800.6 

—7.35 

"     +0.007+0.00024 

+0.7 

13 

Havana,  Cuba,' 1810.8 

—6.17 

"     +0.010+0.00051         '* 

+U 
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The  average  t  from  the  first  seven  stations  is  1792.4,  and  from  the 
last  six  1803.6)  and  the  mean  t  =  1797.6  ±1.8  years  (see  Proceed- 
ings of  Ninth  Meeting,  p.  171,  note).  To  the  northeastward  of  Phil- 
adelphia, within  the  geographical  limits  of  the  discussion,  we  may 
therefore  assume  the  minimum  to  have  taken  place  ahout  five  years 
eariier,  and  to  the  southward  of  that  place,  about  the  same  number  of 
years  later  than  the  mean  epoch. 

Two  observations  by  Dr.  J.  Locke,  not  obtained  in  time  for  intro- 
duction into  the  discussion,  are  represented  by  the  above  formulsB  as 
follows:  —  At  Burlington,  Vt,  June  26th,  1845,  observed  declination 
9**  22'*west,  computed  9**  11'  west;  at  Cambridge,  June  2d,  1845,  ob- 
served declination  9®  32'  west,  computed  9**  49'  west.  The  last 
observation  appears  to  give  too  low  a  value,  since  Mr.  Bond  had  ob- 
tained 9°  39'  in  the  preceding  year. 

(To  d.)  The  re-discussion  of  the  coefficient  C  in  regard  to  the 
geographical  position  of  the  stations  furnished  the  following  numerical 
result  for  the  coefficients  Xj  y,  2,  u  and  v:  — 

10,000  C  =  +  556  —  10.4  (Z  —  ST. 5)  —  44 A  (m  —  76M)  cos  I 

—  1.65  {I  —  37^5)'  —  0.08  (m  —  76M)«  cos«  Z ; 
or, 

C  =  +  0.0556  —  0.00104  X  —  0.00444  /i  —  0.000165  X' 
—  0.000008 /»«; 
(see  Proceedings  of  the  Ninth  Meeting,  p.  174,  note ;)  which  equation 
satbfied  the  coefficients  C  (or  the  former  y)  as  follows  :  — 


No. 

Statkm. 

c 

O  commuted. 

A 

Bnrlington,  Vt., 

0.0494 

0.0496 

+00002 

Boston, 

0.0622 

0.0636 

-fO.0014 

Cambridge, 

0.0702 

0.0629 

—0.0073 

Providence, 

0.0664 

0.0634 

-0.0030 

New  Hayen, 

0.0475 

0.0600 

+0.0125 

New  York, 

0.0536 

0.0577 

+0.0041 

Hatboroagh, 
Fhiladelpbia, 

0.0683 

0.0553 

—0.0130 

0.0595 

0.0551 

—0.0044 

Cape  May, 

0.0532 

0.0534 

+0.0002 

Washington,  D.  C, 

0.0412 

0.0507 

+0.0095 

Charleston, 

0.0485 

0.0431 

—0.0054 

Mobile, 

0.0072 

0.0129 

+0.0057 

Havana,  Cuba, 

0.0098 

0.0105 

+0.0007 

The  last  column  gives  t(^i   =  ±  0.0057,  which  approaches  still 
closer  to  «,  =  ±  0.0046,  as  deduced  from  the  differences  at  each  sta- 
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tion.    The  second  co-efficient  C"  has  been  deduced  from  the  mean  of 
the  values  for  O  and  O  computed,  and  was  found  as  follows  :  — 

From  Burlington,        n  =  0.016 


i( 

Boston, 

0.010 

(C 

Cambridge, 

0.012 

41 

Providence, 

0.013 

CI 

New  Haven, 

0.015 

it 

New  York, 

0.016 

(i 

Hatborough, 

0.019 

41 

Philadelphia, 

0.021 

CC 

Cape  May, 

0.015 

44 

Washington, 

0.023 

44 

Charleston, 

0.016 

44 

Mobile, 

0.014 

44 

Havana, 

0.025 

where  C  =  n  O. 

The  values  just  deduced  should  be  used 

in  connection  with  the  for- 

mulffi 

2>=  C  + 

O  {t  —  1830)  + 

C"  {t  —  1830)' 

and 

1,  =  C'+2  C"(«—  1830). 
The  following  comparison  of  the  latest  observations,  with  the  values 
computed  for  the  same  date,  will  show  that  the  latter  exceed  the  for- 
mer, almost  without  exception,  —  an  indication  that  the  rate  of  in- 
crease has  begun  to  lessen,  and  that  the  expectation  of  the  point  of 
inflexion  in  the  curve,  representing  the  rate  of  change  about  the  time 
1867  ±  15  was  not  premature  (see  Proceedings  of  Ninth  Meeting, 
page  167). 


StaUon. 

1856.5. 

Dobeerredin 
1856.6. 

C  — 0. 

Burlington,  Vt., 

-flO%2 

o 
+  9.95 

+0^07 

Albany, 

S.45 

7.91 

+0.54 

Salem, 

11.12 

10.83 

+0.29 

Boston, 

10.30 

10.23 

+0.07 

Cambridge, 

10.76 

10.90 

—0.14 

Providence, 

9.68 

9.52 

+0.16 

Nantucket, 

10.15 

9.98 

+0.17 

New  Haven, 

7.16 

7.05 

+0.11 

New  York, 

6.97 

6.72 

+0.25 

Philadelphia, 

4.85 

4.53 

+0.32 

Washington, 

+  2.63 

+  2.40 

+0.23 

The  average  difference  is  +  0''.19  =  IT.     The  precise  date  of 
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the  maximum  annual  change  cannot  now  be  ascertained,  and  must  be 
led  to  a  future  series  of  observations ;  but  it  is  recommended,  in  the 
application  of  the  formulae  for  any  period  subsequent  to  1850,  to  com- 
pute the  change  for  a  corresponding  interval  prior  to  that  date,  and 
add  it  to  the  declination  in  1850. 

Thus,  for  example,  the  declination  at  Boston  in  1870  will  be  found 
by  computing  the  increase  for  twenty  years  prior  to  1850,  and  adding 
the  same  to  the  declination  for  1850 ;  or  9*^.81  +  r.48  =  IT  18'  W. 

Without  stepping  off  the  positive  ground  heretofore  occupied,  it  will 

be  interesting  to  remark  the  following  epochs :  — 

Differences. 
Deduced  maximum  declination  in  1679  db  10  years. 

62  years. 
Known  first  point  of  inflexion,       1741  ±  10     " 

57     ** 
Known  minimum  declination,        1798  db    2     ^' 

52     " 
Supposed  second  point  of  inflexion,  1850. 

From  which  it  would  seem  that  the  periods  are  diminishing,  or  the 
velocity  of  the  secular  variation  is  increasing,  which  latter  remark  is 
sustained  by  the  comparison  of  V„^i  =  —  4'.6  with  Fiaw  =  +  6'.8 
or  -|-  5'.9,  as  deduced  from  all  the  Northern  stations.  The  prediction 
of  the  next  maximum  is  too  hazardous  to  deserve  our  attention  at 
present. 


6.  Discussion  op  the  Secular  Variation  op  the  Magnetic  In- 
clination IN  THE  Northeastern  States.  By  Charles  A. 
Schott,  U.  S.  Coast  Survey.  (Communicated  by  Permission  of 
Professor  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey,  and 
by  Authority  of  the  Treasury  Department.) 

The  following  paper  on  the  secular  variation  of  the  magnetic  incli- 
oatioQ  near  the  Atlantic  coast,  between  latitudes  38^  and  44°,  forms  a 
part  of  the  general  discussion  of  the  magnetic  observations  of  the 
Coast  Survey,  under  the  direction  of  the  Superintendent,  the  publica- 
tion of  which  was  commenced  in  the  Superintendent's  annual  report 
for  1855,  and  which  will  be  continued  in  the  report  for  1856. 
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While  the  observatioDs  of  declination  reach  back  as  far  as  the  sev- 
enteenth century,  and  are  quite  numerous  since  the  latter  half  of  the 
eighteenth,  the  observations  for  inclination  are  of  but  recent  date. 
Near  our  Atlantic  coast,  thirty  or  thirty-five  years  include  the  whole 
period,  taking  no  account  of  three  observations  about  1782,  at  Cam- 
bridge. Fortunately  for  our  knowledge,  the  secular  variation  within 
this  short  period  has  passed  a  turning-point,  the  epoch  of  which  has 
been  fully  established. 

Here,  as  in  the  declination,  Professor  Loomis  has  contributed  a 
large  share  in  observing,  collecting,  and  discussing  magnetic  dips,  and 
we  are  also  indebted  to  him  for  the  construction  of  an  isoclinal  map. 
Professor  Loomis  says :  "  From  these  observations  [collected  by  him], 
when  compared  with  those  of  Long^s  expedition,  we  may  assume  the 
diminution  of  the  dip  from  1819  to  1839  to  be  at  the  rate  of  V,b  a 
year."  (Silliman's  Journal,  XXXIX.,  1840,  On  the  Variation  and  Dip 
of  the  Magnetic  Needle  in  the  United  States,  by  E.  Loomis.) 

It  does  not  appear  that  later  a  second  effort  was  made  to  follow 
these  changes  of  the  dipping  needle,  probably  on  account  of  the 
small  change  and  stationary  period  soon  afterwards  reached. 

It  must  be  considered  as  fortunate,  that  the  dip  observations  at  the 
Toronto  Observatory  commenced  as  early  as  1841,  and  therefore  in- 
clude the  turning  epoch,  although  from  these  observations  alone  it 
could  not  be  clearly  made  out.  Colonel  Sabine  remarks  (page 
Ixxxviii.  of  Observations  made  at  the  Magnetical  and  Meteorological 
Observatory  at  Toronto,  Canada,  Vol.  II.,  1843-45,  London,  1853): 
''On  a  first  inspection  of  the  values  of  the  inclination  in  the 
years  from  1841  to  1852  inclusive,  we  might  be  led  to  infer  that  in 
1843  or  1844  the  secular  change  at  Toronto  reached  a  turning  epoch, 
and  that,  from  having  been  previously  a  decrease,  it  became  subse- 
quently an  increase  of  inclination.  It  is  possible,  however,  that  the 
facts  may  admit,  and  may  hereafter  receive,  a  different  explanation." 
He  then  goes  on  to  show  that  the  change  may  be  owing  to  disturb- 
ances, and  finally  remarks :  "  In  the  mean  time,  considering  the  small 
amount  of  the  apparent  irregularities,  together  with  the  variety  of 
needles  employed  in  the  observations  of  the  different  years  and  the 
consequent  possibility  of  defective  intercomparability,  we  may  per- 
haps take  as  the  best  present  approximation  a  uniform  increase  of 
inclination.^' 
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It  will  be  seen  further  on,  that  the  first  supposition,  that  of  a  mini- 
mum about  1843,  was  the  correct  one,  and  that  this  fact  is  supported 
by  a  number  of  observations  at  other  stations,  and  in  particular  at  Phil- 
adelphia, where  we  have  another  excellent  series  of  observations 
made  under  the  direction  of  Professor  A.  D.  Bache.  This  series  also 
includes  the  minimum,  the  establishment  of  which  beyond  doubt  may 
be  considered  as  the  principal  result  of  the  present  investigation. 
From  a  cursory  examination  of  the  observations  at  New  York  and 
Cambridge,  the  epoch  of  this  minimum  was  recognized  and  communi- 
cated to  the  Superintendent  in  October  last. 

The  observations  used  in  this  discussion  have  been  collected  with 
care,  and  it  is  believed  include  nearly  all  that  have  been  published ; 
the  results  are  based  upon  one  hundred  and  sixty-one  separate  deter- 
minations of  dip.  The  mode  of  discussion  and  the  formulae  used  be- 
ing similar  to  those  employed  in  my  discussion  of  the  secular  variation 
of  the  declination  in  the  Coast  Survey  Report  for  1855  (and  in  Pro- 
ceedings of  the  Ninth  Meeting  of  the  American  Association,  1855),  no 
further  explanation  is  deemed  requisite  here. 

It  was  found  that  at  present  the  inclination  could  be  represented  by 
the  formula  J  «=  t,  -j-  x  +  y  (^  —  ^)  +  *  (^  —  ^o)%  the  same 
as  used  by  Professor  Hansteen  in  his  paper  ^^  On  the  Changes  in  the 
Magnetic  Inclination  in  the  Northern  Temperate  Zone."  (Astrono' 
mische  NachricJUen^  Nos.  947,  948,  and  954.)  The  epoch  1840,  to 
which  the  results  of  the  separate  stations  were  reduced  in  Professor 
Hansteen^s  paper,  also  suited  the  present  investigation.  One  locality, 
New  York,  is  included  in  both  papers,  of  which  more  hereafter. 

The  observations  at  the  several  stations  admitting  of  discussion  here 
follow. 

The  column  headed  Observed  inclinations,  in  the  following  tables, 
contains  in  many  cases  means  of  inclinations  observed  in  the  same 
year  or  otherwise  combined,  the  space  here  not  admitting  of  full  de- 
tails. 

SBcruuEt  Chakob  of  thb  Maonetio  Dip  at  Toronto,  Canada. 

The  observations  can  be  found  in  Vol.  IL,  1843, 1844,  1845,  of  Ob- 
servations at  the  Magnetical  and  Meteorological  Observatory  at  To- 
ronto in  Canada,  London,  1853;  in  Silliman^s  Journal,  Vol.  IV.,  1847 ; 
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and  in  the  Transactions  of  the  American  Philosophical  Society,  Vol 
IX.,  1846.    They  can  be  represented  by  the  formula 

I  =  75^29  —  0.01441  {t  —  1840)  +  0.001636  {t  —  1840)«. 

The  following  table  contains  the  observed  and  computed  inclina- 
tions:— 


t 

lObserred. 

JCompated. 

A 

o 

o 

o 

1841.5 

75.28 

75.27 

— 0X)1 

1842.5 

75.27 

75.26 

—0.01 

184d.O 

75.26 

75.26 

0.00 

1843.5 

75J24 

75.25 

+0.01 

1844.5 

75.23 

75.25 

+0.02 

1845.5 

75.26 

75Ji6 

0.00 

1846.5 

75.25 

75.26 

+0.01 

1847.5 

75.26 

75.27 

+0.01 

lSiSJ5 

75.80 

75.28 

—0.02 

1849.5 

75.31 

75.80 

—0.01 

1850.5 

75.33 

75.32 

—0.01 

1851Jft 

75.34 

75.34 

OJOO 

1852.5 

75.34 

75.36 

+0.02 

The  probable  error  of  any  single  result  is  ±  0'.6. 


Secular  Chaxoi  of  thb  Magnetic  Dip  at  Albakt  akd  Gbeehbush, 

New  Yobk. 

The  observations  were  extracted  from  the  Transactions  of  the  Amer* 
ican  Philosophical  Society,  Vol.  V.,  1835 ;  Ibid.,  Vol.  III.,  1840 ;  Ibid., 
Vol.  Vm.,  1843;  Ibid.,  Vol.  IX.,  1846  ;  SiUiman's  Journal,  Vol.  IV., 
1847;  and  Coast  Survey  Report  for  1855. 

They  are  represented  by  the  formula 

I  .=  74^70  —  0.0086  {t  —  1840)  +  0.00257  {t  —  1840)«, 
which  expression  represents  the  observations  as  follows :  — 


t 

lObMrrwL 

lOompntod. 

A 

o 

o 

o 

1833.4 

74.85 

74.86 

+0.01 

1837.1 

74.76 

74.74 

—0.02 

1842.0 

74.70 

74.69 

—0.01 

1844.5 

74.69 

74.71 

+0.02 

1855.6 

75.19 

75.19 

0.00 

The  probable  error  of  any  single  result  is  ±  0^.9. 
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Sbcular  Chavob  of  tbb  Haohbtio  Dip  at  Cambrii>ob,  Hiss. 

The  observations  were  taken  from  the  Memoirs  of  the  American 
Academy,  1846 ;  Encyclopsdia  Metropolitana,  1848 ;  Transactions  of 
the  American  Philosophical  Society,  Vol.  VII.,  1840 ;  Ibid.,  Vol.  VIII., 
1843;  Ibid.,  Vol.  IX.,  1846;  Silliman's  Journal,  Vol.  XXXIX.,  1840; 
Ibid.,  Vol.  IV.,  1847 ;  Smithsonian  Ck>ntributions  to  Knowledge,  Vol. 
m,  1852 ;  and  Coast  Survey  Report  for  1855. 

The  observations  have  been  represented  by  the  following  formula : 

/=  74^34  —  0.02840  {t  —  1840)  +  0.002400  {t  —  1840)'. 

The  table  shows  the  comparison  of  the  observed  and  calculated  incli- 
nations :  — 


f 

lObnrrwi. 

JOompatod. 

A 

o 

o 

o 

1839.7 

74.31 

74.35 

+0.04 

1840.5 

74.36 

74.33      . 

—0.03 

1841.6 

74.22 

74.30 

+0.08 

1842.4 

74.24 

74.28 

+0.04 

1844.9  • 

74.30 

74.26 

—0.04 

1845.5 

74.32 

74.26 

—0.06 

1846.7 

74.21 

74.26 

+0.05 

1855.6 

74.48 

74.48 

—0.00 

The  probable  error  of  any  single  value  is  ±  1'.8. 


Sbculxb  Chutob  of  thb  Magnetic  Dip  at  F£0tipence,  R.  I. 

The  observations  can  be  found  in  Silliman^s  Journal,  Vol.  XLIIL, 
1842;  Ibid.,  Vol.  IV.,  1847 ;  Transactions  of  the  American  Philosoph- 
ical Society,  Vol.  VII.,  1840 ;  and  in  the  Coast  Survey  Report  for 
1855. 

They  are  represented  by  the  formula 

/  -  73*^.99  —  0.0040  {t  —  1840)  +  0.00141  {t  —  1840)'. 
Comparison  of  observed  and  computed  values :  — 


t 

lObMmd. 

JCompotad. 

A 

1834.6 
1839.7 
1842.5 
1855.6 

o 
74.05 
73.99 
74.00 
74.27 

74?06 
73.99 
73.99 
74.27 

+o'?oi 

0.00 

—0.01 

0.00 

I,  =  ±  c.r 
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Sboulab  Variation  of  thb  Maonetio  Dip  at  West  Point  and  Cold- 

bpbing,  n.  t. 

References  to  observations  :  Silliman's  Journal,  Vol.  XLIII.,  1842 ; 
Ibid.,  Vol.  IV.,  1847  ;  Transactions  of  the  American  Philosophical  So- 
ciety, Vol.  v.,  1835 ;  Ibid.,  Vol.  VII.,  1840 ;  and  Coast  Survey  Re- 
port for  1855. 

The  observations  have  been  represented  by  the  formula 

1  =  73^43  —  0.00165  {t  —  1840)  +  0.002080  {t  ^  1840)*. 
The  agreement  with  the  observed  dip  is  as  follows :  — 


t 

lObBerrwl. 

lOompiitad. 

Ck 

o 

o 

o 

lS3d.9 

73.53 

73.52 

—0.01 

1839.8 

73.46 

73.43 

—0.03 

1840.5 

7333 

73.43 

-fO.lO 

1842J( 

,78J)1 

73.44 

—0.07 

1855.6 

'    73.91 

73.91 

0.00 

The  probable  error  of  any  single  value  is  ±  3M. 


Sboulab  Cbanob  ov  the  Magnetic  Dip  at  New  Hatsn,  Conn. 

References  to  observations  :  Transactions  of  the  American  Philo- 
sophical Society,  Vol.  VII.,  1840;  Ibid.,  Vol.  IX.,  1846;  SiUiman's 
Journal,  Vol.  IV.,  1847 ;  and  Coast  Survey  Report  for  1855. 

The  observations  have  been  represented  by  the  formula 

1  =  73^42  +  0.0020  («—  1840)  +  0.00117  {t  —  1840)«. 
Comparison  of  observed  and  computed  dips :  — 


t 

/ObMnred. 

JOompnted. 

A 

o 

o 

o 

1839.7 

73.45 

73.42 

—0.03 

1842.4 

7344 

73.43 

— O.Ol 

1844.5 

73.40 

73.45 

+0.05 

1848.6 

73.54 

73.52 

—0.02 

1855.6 

73.74 

73.73 

—0.01 

.,  =  ±  2'.2. 
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Seoulab  Chavob  of  trb  MAavxTio  Dip  at  Nbw  York. 

Seferences  of  observations :  Transactions  of  the  American  Philo- 
sophical Society,  Vol.  V.,  1835 ;  Ibid.,  Vol.  VH.,  1840';  Ibid.,  Vol.  IX., 
1846 ;  a  communication  by  Professor  Hansteen,  dated  October  15th, 
1864;  Silliman's  Journal,  Vol.  XXXEX.,  1840;  Ibid.,  Vol.  XLHI., 
1842 ;  Ibid.,  Vol.  XXIL,  1832 ;  Ibid.,  Vol.  IV.,  1847 ;  and  Coast  Sur- 
vey Report  for  1855. 

These  observations  have  been  represented  by  the  formula 

J  =  72^.69  —  0.00491  {i  —  1845)  +  0.001141  {t  —  1845)% 
18  follows :  — 


< 

JObflerrwL 

ICompatod. 

A 

o 

o 

o 

1823.9 

73.24 

73.31 

+0.07 

1831.3 

73.00 

72.98 

-002 

1833.4 

73.08 

72.91 

—0.12 

1835.0 

72.86 

72.86 

0.00 

1839.7 

72.87 

72.75 

—0.12 

1841.3 

72.68 

72.73 

+0.05 

1842.5 

72.64 

72.71 

-fO.07 

1844.4 

72.62 

72.70 

+0.08 

1846.5 

72.68 

72.69 

+0.01 

1846.6 

72.65 

72.69 

+0.04 

1845.6 

72.83 

72.77 

—0.06 

The  probable  error  of  any  single  value  is  ±  3'.3.    The  above  for- 
mula, when  transformed  for  the  epoch  1840,  becomes 
/=  (i„«.5  y  4-25  %)  +  (y  —  10  z)  {t  —  1840)  +  x  {t  —  1840)«; 
or  numerically, 

I  =  72^75  —  0.01632  {t  —  1840)  -f-  0.001141  {t  —  1840)'. 

Skotjlab  Chahob  ov  thb  Kaonbtio  Dip  at  Philadelphia,  Pa. 

Seferences  to  observations:  Transactions  of  the  American  Philo- 
sophical Society,  Vol.  V.,  1835;  Ibid.,  Vol.  VII.,  1840;  Ibid.,  Vol. 
Vin.,  1843;  Ibid.,  Vol.  IX.,  1846;  Silliman's  Journal,  Vol.  XXXK., 
1840;  Ibid.,  Vol.  XLII.,  1842;  Ibid.,  Vol.  IV.,  1847;  Observations 
at  Magnetic  Observatory,  Girard  College,  Philadelphia,  1840-45 
(Washington,  1847) ;  and  Coast  Survey  Report  for  1855. 

The  observations  have  been  represented  by  the  formula 

I  =  7r.99  +  0.0010  (<  —  1840)  +  0.00124  {t  —  1840)'. 
The  positive  sign  of  y  probably  arises  from  too  small  a  dip  in  1884, 
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which  also  causes  the  minimum  to  shift  to  an  earlier  date  than  the 
other  stations  indicate. 


1 

lObBerred. 

JComimted. 

A 

o 

o 

o 

1834.5 

72.00 

72.02 

-H>.02 

1840.2 

72.00 

71.99 

—0.01 

1841.3 

71.97 

71.99 

-H).02 

1842.5 

72.00 

72.00 

0.00 

1843.6 

71.96 

72.01 

-1-0.05 

1844.4 

78.03 

72.02 

—0.01 

1846.4 

72.02 

72.05 

+0.03 

1855.7 

72.30 

72.31 

-H).01 

The  probable  error  of  any  single  value  is  ±  I'.O. 

If  we  consider  the  important  series  of  dips  observed  at'the  Girard 
Observatory  by  itself,  we  find  the  secular  change  between  1842  and 
1844  is  much  masked  by  the  annual  inequality  and  other  irregular- 
ities, as  will  be  seen  from  the  separate  results.  The  quarterly  means 
probably  indicate  the  minimum  about  the  autumn  of  1843 ;  in  the  re- 
capitulation, however,  I  have  preferred  to  give  the  result  derived  from 
the  discussion  of  all  observations. 


SeCULAB  ChAKOB  of  the  liAGlTETIO  DiP  AT  WASHINGTON,  D.  C. 

References  to  observations :  Silliman's  Journal,  Vol.  XXXIX.,  1840 ; 
Ibid.,  Vol.  I.,  1846  ;  Ibid.,  Vol.  IV.,  1847  ;  Transactions  of  the  Amer- 
ican  Philosophical  Society,  Vol.  VII.,  1840;  Ibid.,  Vol.  IX.,  7th  series, 
1844 ;  Ibid.,  Vol.  VIII.,  1843 ;  Senate  Document,  2d  Session,  28th 
Congress,  1844-45 ;  and  Coast  Survey  Report  of  1855. 

The  following  formula  represents  these  observations : 

I  =  IVJid  —  0.01496  {t  —  1840)  -f  0.001728  {t  1840)"; 
with  the  differences  :  — 


t 

lObMrred. 
o 

J  Computed, 
o 

^ 

o 

1839.2 

71.29 

71.30 

H-O.Ol 

1841.0 

71.30 

71.27 

—0.03 

1842.5 

71.22 

71.26 

-*-0.04 

1844.4 

71.27 

71.25 

—0.02 

1851.5 

71.32 

71.34 

H-0.02 

1852.4 

7139 

71.37 

—0.02 

1855.7 

71.47 

71.48 

-+-0.01 

The  probable  error  of  any  single  result  is  ±  1'.2. 
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SlCULAR  CH1.VGB  OF  THE  MaGNBTIO  DiP  AT  BALTIMORE,  Md. 

References  to  observations :  Transactions  of  the  American  Philo* 
sophical  Society,  Vol.  V.,  1885;  Ibid.,  Vol.  VIH.,  1843;  Ibid.,  Vol. 
K.,  1846;  and  SilUman's  Journal,  Vol.  IV.,  1847. 

For  want  of  an  observation  at  the  present  time,  the  formula  ex- 
pressing the  variation  in  the  dip  can  only  be  approximate ;  the  obser- 
Yations  are  well  represented  by 

/  =  7r .72  —  0.0357  (<  —  1840)  +  0.00104  {t  —  1840)% 

which  agrees  very  well  in  regard  to  the  curvature  {%)  with  the  rest  of 
the  stations. 

BSCAPITULATION  OF  RSBULTB. 

TABLE  No.  I. 
Gmgnq)kieal  PotUkm  of  StcUum*^  and  Number  of  Obeervathnt  for  Dip  ai  each. 


Ho. 

Station. 

Utitad*. 

Longltodfl. 

O       / 

79  20 

No.  or  ObseH 

TAtiOllf. 

Toronto,  Canada, 

O      / 

43  33 

15 

2 

Albany  (and  Greenbush),  N.  Y., 

42  37 

73  44 

9 

Cambridge  (and  Boston),  Mass., 

42  32 

7107 

17 

ProTidence,  R.  I., 

41  50 

71  24 

4 

West  Point  (and  Coldspring),  N.  Y., 

41  25 

73  57 

6 

New  Haven.  Onn., 
New  York,  k.  Y., 

41  17 

72  55 

10 

40  43 

74  00 

22 

Philadelphia,  Pa., 

39  58 

75  10 

45 

Washington  (and  Georgetown),  D.  C, 

38  53 

77  01 

17 

10 

Baltimore,  Md., 

39  18 

76  37 

16 

TABLE  No.  n. 

Formula  expressing  the  Inclination  at  the  several  Stations,  arranged  in  the  order  of  their 
Magnetic  Latitude, 


Toronto, 

1  s  75.29  —  0X)144  (Jt  —  1840)  -♦-  0.00164  (t  —  1840)«. 

Albany, 

«       74.70  _  0.0086        « 

H-  0.00257 

t 

Cambridge, 

«       74.34  —  0.0284         « 

-4-  0.00240        • 

t 

Proridence, 

"       73.99  —  0  0040        « 

-4-0.00141 

ft 

West  Point, 

"      73.43  —  0.0016        « 

-h  0.00208 

1 

New  HaTen, 

«       73.42  -h  0.0020         « 

-♦-  0.00117 

t 

New  York, 

"       72.75  —  00163         « 

H- 0.00114 

ft 

Philadelphia, 

«      71.99  -h  0.0010        " 

H-  0.00124 

ft 

Washington, 

«       71.29  —  0.0150         « 

-h  0.00173        "                    1 

The  agreement  of  the  values  for  y  and  z  must  he  considered  as  very 
satisfactory.  The  shifting  of  the  epoch  ^,  hy  a  few  years  would  give 
equal  sign  to  y  for  all  stations ;  hut  hy  so  doing  nothing  is  gained. 
The  coefficients  «,  expressing  the  curvature,  are  still  more  accordant 
tban  the  v^s. 

16* 


186 


A.     MATHEMATICS   AND   PHYSICS. 


TABLE  No.  in. 

Showing  the  ProbabU  Error  to  o/ar^  single  DeUrmination  fir  Dip  (or  in  mangcatettf 
the  Mean  of  several  ObsmxOions  at  the  same  time),  the  epoch  T  of  the  Mininam  D^, 
and  the  Annual  Variation  V  in  the  current  Year. 


Station. 

•0 

T 

Fisea. 

Toronto, 

±o!6 

1844.7 

+  2.1 

Albany, 

0.9 

1841.7 

-f  4.3 

Cambridge, 

1.8 

1845.9 

+  2.9 

Providence, 

0.7 

1841.4 

+  2.9 

West  Point, 

2.4 

1840.4 

+  8.9 

New  Haren, 

2.2 

1839.2 

+  2.3 

New  York, 

S.S 

1847.1 

+  1.2 

Philadelphia, 

1.0 

1839.6 

+  2.2 

Washington, 
Mean, 

±1.2 

±i:6 

18443 
1842.7  ±  0.7 

+  2.4 

+  2.7 

Professor  Hansteen,  in  his  paper  in  the  AstronomUche  NachrichteHi 
alluded  to  before,  obtained  for  New  York  a  result  contradictory  of  the 
above  well*establisbed  one,  and  supposes  the  dip  to  attain  a  maximum 
value  in  1822.3.  This  is  due  to  the  small  number  and  uncertainty  of 
the  observations  used.  The  recent  observations  have  been  iumished 
to  him  at  his  request,  and  he  will  probably  see  cause  to  modify  his  for- 
mer conclusions  on  this  point  We  see  thus  that  the  inclination  has 
become  stationary  1842.7  — 1797.2,  or  45J  years  after  the  declina* 
tion  was  in  a  similar  condition. 

In  the  Northeastern  States  the  inclination  reached  a  minimum  about 
the  middle  of  the  year  1843,  and  from  a  previous  decrease  has  be- 
come increasing  since  that  time,  with  a  gradually  increasing  rate. 

The  formula  deduced  apply  with  certainty  for  ten  or  fifteen  years 
before  and  after  the  year  1843,  and  in  the  absence  of  other  information 
may  be  extended  as  far  back  as  the  commencement  of  the  present 
century. 

I  append  a  few  remarks  in  reference  to  the  secular  change  in  the 
Western  part  of  this  continent  While  at  St  Louis  and  other  places 
in  the  Western  States  the  dip  was  decreasing  since  1819  until  about 
1842,  we  find  the  same  thing  to  have  taken  place  on  the  Western 
coast ;  and  from  the  scanty  material  available  in  that  region,  we  have 
sufficient  proof  of  the  fact,  that  since  the  close  of  the  last  century  the 
dip  was  decreasing  at  an  average  rate  of  about  2'  a  year,  and,  after 
having  become  stationary  nearly  about  the  same  time  as  on  the  Atlan- 
tic coast,  is  now  on  the  increase.    Thus  at  San  Diego  the  minimum 
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took  place  about  1844,  aod  even  as  high  north  as  Sitka  this  epoch 
appears  to  have  obtained.  Professor  Hansteen,  in  No.  947  AiL 
Nach,^  calculates  for  this  place, 

J=  75^84  +  0.0084  {t  —  1840)  +  0.00068  {t  —  1840)% 

and  consequently  T  =  1833.8  ±  6.4  years. 

Thus  it  appears  with  great  probability  that,  over  the  northern  part 
of  the  United  States,  from  ocean  to  ocean,  the  secular  change  of  the 
inclination  has  been  following  a  uniform  law,  reversing  its  direction 
about  the  same  period. 

h  regard  to  the  Southern  States,  there  is  not  a  sufficient  number  of 
observations  to  permit  a  conjecture  as  to  the  secular  variation  of  the 
dipping  needle. 


7.  On  the  General  Distribution  op  Terrestrial  Magnetism  in 
THE  United  States,  from  Observations  made  in  the  United 
States  Coast  Survey  and  Others.  By  A.  D.  Bache,  Superin- 
lendent,  and  J.  E.  Hiloard,  Assistant 

During  the  progress  of  the  Coast  Survey  within  the  last  twelve 
yesTB,  observations  of  the  magnetic  elements  have  been  made,  under 
special  instructions  from  the  Superintendent,  at  most  of  the  astronom- 
ical  stations,  and  near  many  capes  and  harbors  where  a  knowledge  of 
the  variation  of  the  compass  was  requisite  for  the  use  of  navigation. 
The  number  of  magnetic  stations  now  amounts  to  about  one  hundred 
and  sixty,  distributed  (irregularly  as  yet)  along  the  entire  sea-coast  of 
the  United  States,  on  a  great  portion  of  which  magnetic  observations 
were  now  made  for  the  first  time.  The  object  of  this  paper  is  to  de* 
duce  from  the  Coast  Survey  observations,  in  connection  with  others  of 
recent  date,  the  general  distribution  of  terrestrial  magnetism  in  the 
United  States,  as  far  as  the  data  available  will  warrant  the  conclusions. 

These  observations  have  been  discussed  from  time  to  time  under  the 
immediate  direction  of  the  Superintendent  of  the  Coast  Survey,  with 
the  double  purpose  of  determining  the  distribution  of  magnetism  in 
different  sections  of  the  United  States,  and  the  local  irregularities. 
Observations  have  also  been  repeated  at  many  places  where  the  dis* 
crepancies  indicated  the  necessity  for  such  a  course,  and  generally 
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resulted  in  throwing  the  discrepancies  upon  the  existence  of  local 
attraction. 

The  area  under  discussion  is  so  large,  and  the  ohservations  compar* 
atively  so  sparse,  that  nothing  more  than  the  general  distribution  can 
at  present  be  attempted.  Local  deviations  from  the  general  system,  of 
greater  or  less  magnitude  and  extent,  are  apparent  in  the  table  of  re- 
siduals given  at  the  close  of  this  paper,  which  must  be  ascribed  mainly 
to  local  attraction,  since  the  errors  of  observation  are  far  less  in 
amount,  and  point  out  localities  where  additional  observatioilS  will  be 
most  useful. 

The  results  of  the  Coast  Survey  observations  are  given  in  Table  I., 
which  gives  the  latitude  and  longitude  of  the  stations,  the  declination, 
dip,  and  horizontal  intensity  of  the  earth^s  magnetic  force,  the  date  of 
the  observations,  and  a  reference  to  the  particular  locality,  its  geology, 
and  other  attending  circumstances. 

The  record  of  these  observations,  and  the  details  of  methods  and 
instrumental  constants,  will  shortly  be  published  as  part  of  the  Coast 
Survey  records  and  results,  for  the  publication  of  which  Congress  has 
provided.    A  brief  notice  will  therefore  suffice  here. 

In  observing  the  declination,  the  magnetic  meridian  has  generally 
been  obtamed  by  means  of  collimator  magnets,  usmg  Gauss  and  We* 
ber's  transportable  magnetometer,  while  the  astronomical  meridian  was 
derived  from  the  triangle  sides  of  the  Coast  Survey,  or  obtained  by  di« 
rect  observations. 

The  dip  has  been  observed  with  needles  of  from  six  to  ten  inches 
in  length,  made  by  Gambey  and  by  Barrow.  Two  needles  have  gen- 
erally been  used,  —  or  when  one  only  was  employed,  it  has  been 
carefully  tested  and  compared. 

The  horizontal  intensity  has  been  determined  in  absolute  measure 
by  vibrations  and  deflections,  according  to  the  methods  of  Gauss  and 
Lament.    The  units  of  measure  are  those  used  in  the  British  surveys. 

From  the  agreement  of  repeated  observations,  it  is  inferred  that  the 
uncertainty  of  the  observations  at  a  particular  spot  does  not  exceed 
one  or  two  minutes  of  arc  in  the  declination  and  dip,  and  -^^  part  of 
the  horizontal  force. 

The  data  derived  from  other  sources  that  are  combined  with  the 
Coast  Survey  observations  are  all  of  recent  date,  in  order  not  to  intro- 
duce much  uncertainty  into  the  reduction  to  a  common  period.  They 
are:  — 
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1.  Observations  by  Lieutenant  (now  Colonel)  Lefrot  of  the  R.  B. 
Artillery,  in  Canada,  along  the  St.  Lawrence,  and  at  Toronto  ;  being 
part  of  those  published  by  Colonel  Sabine  in  the  Philosophical  Trans- 
actions of  1846  and  1849. 

2.  Observations  made  in  connection  with  the  Survey  of  the  North- 
eastern Boundary.  —  Ibid. 

3.  Observations  of  Horizontal  Intensity  in  Waterville,  Maine.  By 
Professor  G.  W.  Keely,  in  1847,  Philosophical  Transactions^  1848. 

4.  Observations  by  the  late  Dr.  John  Locke,  in  various  parts  of  the 
United  States,  especially  in  Ohio  and  the  Northwestern  States.  AmeT" 
icon  Philosophical  Transactions^  1846,  and  Smithsonian  Contrihi' 
tions,  1852.  The  values  of  horizontal  intensity  in  this  series  are 
onginally  expressed  in  terms  of  the  force  at  Cincinnati,  and  have  been 
converted  into  British  units  through  the  observations  at  Toronto,  which 
is  one  of  the  stations. 

5.  Observations  in  various  parts  of  the  Middle  and  Western  States. 
By  Professor  E.  Loomis,  American  Philosophical  TransactionSy  Vols, 
m  and  Vm. 

6.  Observations  made  on  the  Mexican  Boundary  Surveys,  under  the 
direction  of  Major  W.  H.  Emory,  U.  S.  A.,  recently  presented  by  him 
to  the  American  Academy  of  Sciences. 

1.  Observations  made  by  Captain  Whipple's  party  in  the  Pacific 
Bailroad  Explorations  near  the  35th  parallel  of  latitude.  This  series, 
not  heretofore  published,  was  kindly  furnished  us  by  Captain  A.  W. 
Whipple,  U.  S.  Top.  Engineers,  and  is  given  in  full  in  Table  11.  It 
will  be  seen  that  a  large  number  of  the  stations  are  at  a  great  elevation 
above  the  sea  level.  The  effect  of  elevation  on  the  action  of  the 
earth's  magnetism  has  generally  been  found  insensible,  and  in  the  ab- 
sence of  any  known  correction  the  observations  have  necessarily  been 
used  without  regard  to  height.  The  observations  have  been  made 
with  a  Fox  dip-circle,  and  Cambridge,  Mass.  was  used  as  reference 
station  for  the  intensity.  The  numbers  in  the  table  denoting  the  total 
intensity  may  be  considered  as  referring  to  the  arbitrary  scale,  in 
which  the  total  force  at  London  is  1.372,  with  the  usual  uncertainty 
on  account  of  secular  variation. 

For  use  on  the  map  they  have  been  multiplied  by  7.41  to  give  the 
total  intensity  in  British  units,  and  by  the  cosine  of  the  dip  for  the  hor- 
izontal force.     The  factor  7.41  is  the  ratio  of  13.32,  the  total  intensity 
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in  British  units  at  Ccunbridge,  from  observations  by  Mr.  W.  C.  BooA 
and  the  Coast  Survey  observations  in  the  vicinity,  to  1.798,  the  refer- 
ence number  in  the  table. 

8.  Table  III.  gives  some  observations  of  declination  not  before  pub* 
lished,  collected  from  various  sources  for  this  discussion. 

COBRECTION   FOR  SeCULAB  VARIATION. 

The  observations  in  the  discussion  have  been  reduced  to  the  com- 
mon date  of  January,  1850,  by  the  best  values  for  the  annual  change 
that  could  be  arrived  at. 

The  annual  change  for  the  declination  and  dip  has  been  used  as 
found  in  the  discussion  by  Mr.  C.  A.  Schott,  communicated  to  the  As- 
sociation by  authority  of  Prof.  Bache,  and  printed  in  the  present  volume. 

For  the  Northwestern  States  we  deduce,  from  scanty  data,  and  have 
applied,  an  annual  change  of  from  V.6  to  2'  decrease  of  easterly  decli- 
nation. 

Determinations  of  intensity  in  absolute  measure  are  of  so  recent  a 
date  that  but  little  is  known  in  regard  to  its  secular  variation.  Obser- 
vations of  the  horizontal  force  at  Toronto,  Boston,  New  York,  Phila- 
delphia, and  Pascagoula,  made  during  the  interval  between  1843  and 
1855,  concur  in  showing  a  decrease  of  neariy  y^Vrr  P*rt  of  the  force 
per  year.  If  we  suppose  the  total  force  to  remain  constant,  the  known 
increase  of  the  dip  would  account  for  a  rather  larger  diminution  of  the 
horizontal  component ;  and  since  it  is  probable  that  the  total  intensity 
is'  likewise  slightly  on  the  increase,  the  result  obtained  from  our  scan- 
ty data  may  be  considered  sufficiently  well  established  to  be  used. 

Our  knowledge  of  the  secular  changes  on  the  Western  coast  and  in 
the  Territories  is  so  deficient,  that  no  satisfactory  reduction  can  be  ap- 
plied to  the  observations.  The  changes,  however,  are  known  to  be 
small,  and  the  observations  do  not  difier  greatly  in  date.  Their  mean 
date  is  about  1852,  which  may  be  considered  as  the  period  to  which 
the  Western  part  of  our  map  corresponds  more  nearly  than  to  1850. 

Construction  of  Map. 

In  the  construction  of  the  lines  on  the  map,  both  the  graphic  and 
analytical  methods  have  been  used. 

Observations  within  limited  spaces  were  united  into  groups,  by  tak- 
ing the  arithmetical  means  ;  a  number  of  such  groups  were  combined 
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by  conditional  equations  of  the  second  degree,  amounting  to  an  inter- 
polation by  second  differences. 

The  several  systems  of  groups  were  so  arranged  as  to  overlap,  and 
the  slight  disagreement  in  the  joining  was  adjusted  by  an  interpolation 
partly  graphic  and  partly  arithmetical. 

When  the  latitude  and  longitude  of  stations  have  appeared  unsuit- 
able co-ordinates  of  position,  owing  to  the  stations  being  distributed  in 
an  oblique  direction  to  the  meridian,  they  were  carefully  projected  on 
a  map  and  referred  by  measurement  to  an  assumed  axis  of  co-ordi- 
nates in  any  convenient  linear  measure ;  the  lines  deduced  from  the 
conditional  equations  so  formed  being  projected  according  to  the  same 
system,  the  latitude  and  longitude  of  points  in  them  could  be  read  off 
and  tabulated,  the  artificial  system  serving  only  as  a  convenient  means 
of  interpolation. 

On  the  accompanying  maps  the  lines  of  equal  declination,  dip,  and 
horizontal  intensity  have  been  drawn  only  as  far  as  they  were  war- 
ranted by  observations.  For  places  within  the  range  of  the  lines,  ap- 
proximate values  may  be  readily  obtained  by  graphical  interpolation. 

Table  IV.  gives  the  differences  between  the  observed  values  at  the 
Coast  Survey  stations  reduced  to  1850,  and  the  corresponding  values 
on  the  maps.  It  will  be  seen  that  there  are  a  few  large  residuals, 
sometimes  exceeding  ^  in  declination,  1^  in  dip,  and  ^  of  the  hori- 
zontal force,  which  belong  to  isolated  stations  (see  Mount  Pleasant, 
No.  5,  and  Patuccawa,  No.  15),  or  very  limited  localities  (see  stations 
near  Cape  Ann,  Nos.  20  to  24) ;  in  these  cases,  local  attraction  is  too 
apparent  to  allow  the  observations  to  be  used  in  the  construction  of  the 
map. 

We  find  further,  that,  in  certain  more  extended  localities,  the  residu- 
als, in  declination,  amounting  in  the  average  to  about  20^  or  25',  have 
one  sign,  indicating  a  more  general  deviation  from  a  regular  system. 
Thus  the  observed  declination  near  New  York,  eastward  to  Black 
Rock,  and  westward  to  Princeton,  are  larger  than  those  deduced, 
while  near  Cape  May,  in  the  lower  part  of  New  Jersey  and  Delaware, 
diey  are  less ;  in  the  western  part  of  Massachusetts  they  are  greater, 
in  the  eastern  part  they  are  less.  For  the  want  of  more  ample  mate- 
rial, especially  of  observations  in  the  interior,  no  attempt  has  at  pres- 
ent been  made  to  represent  these  irregularities  in  the  system  of  lines. 
They  are  greatest  in  amount  in  the  Eastern  and  Middle  States,  where 
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the  average  of  the  residuals,  irrespective  of  sign,  is  16',  excluding  tho 
class  first  noticed.  Along  the  shores  of  the  Gulf  of  Mexico  it  is  G', 
and  on  the  Western  coast  it  amounts  to  W, 

The  residuals  of  the  dip  observations  are  less  than  those  of  the  dec* 
lination,  amounting  in  the  average  to  7',  and  there  are  a  less  numto 
of  large  disturbances.     When  we  consider  that  the  disturbing  polari- 
ties probably  act  nearly  in  the  plane  of  the  horizon,  we  may  conclude 
that  the  irregularities  of  the  dip  should  bear  a  still  smaller  proportiQ&    T^ 
to  those  of  the  declination ;  and  we  see  that  the  constant  instruroentd.r^^ 
errors,  which  are  larger  for  the  dip  than  for  the  declination,  are  oat  i  '■• 
without  sensible  efiect  on  the  magnitude  of  the  residuals.  i'^ 

Upon  the  same  consideration,  it  will  not  be  surprising  that  the  resid-  ^h^, 
uals  of  the  horizontal  force  observations  are  larger  in  proportion  thaa  ■' j^ 
those  of  the  dip,  being  in  the  mean  about  the  sixtieth  part  of  the  actual ;  ^ 
values  of  the  horizontal   intensities.     A  variation  of  10'  in  the  dip  yj 
would  correspond  to  one  of  the  hundred  and  twentieth  part  of  tb^  > 
horizontal  force. 


COMPABISON   OF   MaPS. 


OK' 


A  comparison  of  the  maps  herewith  presented  with  other  similaf 
ones  that  have  heretofore  been  constructed,  cannot  fail  to  be  interest* - 
ing  and  instructive. 

Declination.  Allowing  for  the  change  in  ten  years,  the  lines  on 
Professor  Loomis's  map  for  1840  {Silliman^s  Journal^  Vol.  XL.)  agree 
well  with  the  present  map ;  considering  the  comparatively  small  num- 
ber and  often  unreliable  character  of  observations  they  were  based  y*^ 
upon,  the  agreement  is  remarkable,  and  leads  to  the  hope  that  valua- 
ble results  may  be  derived  from  the  recent  observations  made  in  con-  TJ^ 
nection  with  surveys  of  public  lands  in  the  country  west  of  the  Missw-  *^' 
sippi,  in  which  Burts^s  solar  compass  has  been  used  to  a  great  extent 

Colonel  Sabine's  chart  of  the  declination  in  the  Atlantic  Ocean 
(Philosophical  Transactional  1849)  covers  only  the  northeastern  po^ 
tion  of  our  map,  which  in  that  portion  in  part  is  based  upon  the  same 
observations  used  by  him.  The  agreement  is  not  as  close  as  it  would 
be,  if,  in  reducing  the  observations  of  1844  and  1845  to  1840,  the  ^ 
epoch  of  the  map,  the  secular  change  used  had  not  been  considerably 
in  error,  as  already  noted  in  Mr.  Schott's  paper  on  the  secular  change 
of  the  declination  (Proc.  Am,  Association^  9th  Meeting).    As  it  is,  tbe 
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lines  agree  well  in  direction,  but  occupy  too  nearly  the  same  position 
for  the  differences  of  epoch. 

The  most  important  comparison  is  that  with  Gauss's  maps  of  the 
computed  values  of  the  declination,  dip,  and  horizontal  intensity. 
They  are  the  only  ones  in  which  the  three  elements  have  been  con- 
sidered as  having  a  necessary  connection  with  each  other,  and  while 
they  may  be  considerably  in  error  as  to  absolute  quantities,  the  agree- 
ment in  form  with  the  lines  on  our  maps,  derived  purely  from  obser- 
vations, is  strong  evidence  of  the  general  correctness  of  the  assump- 
tions upon  which  they  are  based. 

The  data  for  the  declination  were  taken  by  Gaitss  from  Barlow's 
map  in  the  Philosophical  Transactions y  1833,  of  which  the  mean 
epoch  cannot  be  later  than  1830.  The  system  of  lines  derived  by 
Gauss  on  theoretical  considerations  differs  in  certain  localities  materi- 


ally from  that  of  Barlow.     The  annexed  diagram  exhibits  the  essen- 
tial difference  in  form.     While  Barlow's  line  of  lO**  (indicated  by  a 
17 
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broken  line)  has  several  branches  which  diverge  tangentially,  accord- 
ing to  Gauss  such  a  divergence  cannot  take  place ;  but  when  there  is 
a  space  within  which  the  declination  is  less  than  outside  any  portion 
of  its  limiting  line,  that  line  must  form  a  loop,  the  two  branches  inter- 
secting nearly  at  right  angles,  as  shown  in  the  looped  line  of  8^  4d'. 
It  must  be  remembered  that  the  region  in  question  is  one  where  very 
few  observations  had  been  made  in  1630,  and  that  Barlow's  system  is 
probably  quite  as  much  as  that  of  Gauss  a  theoretical  interpolation, 
though  graphically  performed ;  and  that  hitherto  there  have  been  no 
observed  facts,  in  the  region  of  Texas  and  New  Mexico  at  least,  upon 
which  a  decision  could  be  based. 

A  form  of  branching  similar  to  that  on  Barlow's  map,  and  at  vari- 
ance with  Gauss's  theory,  occurs  m  Hamsteen's  Erdmagneiimitt, 
and  has  been  preserved  on  a  recent  map  of  the  declination  in  his  Mag- 
netiske  Inclinations  Forandring^  1855. 

It  will  be  seen  that,  if  Barlow's  system  represents  the  forms  cor- 
rectly, the  line  of  9**  easterly  declination  along  the  coast  of  Texas 
should  turn  to  the  southeast^  while  the  line  on  our  map,  fixed  by  nu- 
merous observations,  turns  decidedly  to  the  southwest^  in  conformity 
with  Gauss's  system.  In  going  westward  along  the  Mexican  boundary 
there  is  not  a  decrease  and  subsequent  increase,  as  Barlow's  map  indi- 
cates, but  a  steady  increase,  established  by  the  observations  along  that 
boundary.  The  general  agreement  in  form  between  the  lines  on  our 
map  and  the  Gauss  system  is  striking.  Observations  in  Central  Amer- 
ica would  at  present  be  of  the  greatest  value  in  deciding  the  matter 
under  discussion.  The  isolated  observation  at  Panama,  Table  III.,  has 
aided  greatly  in  fixing  the  direction  of  the  line  of  T*  east,  determining 
that  it  still  turns  to  the  southeast 

On  the  Atlantic  coast  the  Gauss  lines  of  declination  agree  well  in 
position  with  ours,  allowing  for  the  difference  of  epoch.  On  the  west- 
ern coast  they  are  farther  to  the  south,  which  seems  contrary  to  what 
is  supposed  to  be  the  secular  change. 

Dip.  With  LooMis's  map  before  quoted,  and  Sabine's  map  of  the 
dip  in  British  America,  Philosophical  TtansactionSy  1846,  the  agree- 
ment is  excellent.  The  Gauss  lines  agree  well  in  form,  but  differ 
from  2°  to  2J°  ifa  the  amount  of  dip.  This  is  due  to  the  errors  of 
Homer's  map,  from  which  they  are  derived,  and  on  which  the  lines 
are  about  2^°  out  of  position.     It  must  be  remembered  that  they  were 
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altogether  interpolated,  no  observations  of  dip  in  the  United  States 
being  known  when  Homer's  raftp  was  constructed. 

Horizontal  Intensity.  For  a  comparison  of  this  element,  we  have 
only  Cjauss's  chart,  on  which  the  lines  are  afiected  by  the  errors  of 
the  dip  lines,  by  means  of  which  they  have  been  derived  from  Sa- 
bine^s  general  map  of  the  total  intensity  for  1836.  The  values  of  the 
Gauss  lines  being  expressed  in  the  arbitrary  scale,  multiplied  by 
1000,  we  reduce  them  to  absolute  measure  through  the  observations 
at  Toronto,  where  in  1844  the  total  intensity  in  the  arbitrary  scale  was 
1.836,  the  dip  75*  13'.4,  the  horizontal  force  3.54  in  absolute  measure 
in  British  units,  giving  a  multiplier  of  7.56  for  the  arbitrary  scale,  or 
0.00756  for  Gauss's  values.  We  find  thus  3.78  equivalent  to  Gauss's 
line  of  500,  along  which  the  actual  horizontal  force  is  4.24  to  4.30 ; 
in  the  same  place  the  dip  is  really  71*  30^,  and  on  Gauss's  map 
73*  15'. 

Corresponding  differences  exist  in  other  parts  of  the  map. 

Supplementary  Note,  The  following  results  of  observations  recently 
made  in  Mexico  for  the  Smithsonian  Institution  are  added  here,  with 
the  permission  of  the  Secretary,  from  his  eleventh  report  to  the  Re- 
gents. They  afford  a  strong  confirmation  of  the  conclusions  arrived 
at  in  this  discussion. 

The  observations  were  made  under  the  direction  of  Baron  Mueller, 
of  Marseilles,  by  Mr.  A.  Sonntag,  during  the  autumn  of  1856,  with  the 
modern  improved  instruments  belonging  to  the  Smithsonian  Insti- 
tution. 


NuM  of  station. 

Utitade. 

Longitude. 

O       1 

96    9 

DecUnation 
Ka.t. 

Wp. 

O       1 

43  58 

Horisontal 
Intensity. 

7.533 

Vera  Cruz, 

O       1 

19  12 

o    / 

8  17 

Potrero, 

18  56 

96  48 

8  39 

42  51 

7.576 

18  53 

97    4 

8  28 

42  51 

7.579 

St.  Andr^  Chalchecomula, 

18  59 

97  14 

8  13 

42  38 

7.594 

Bifrador, 

19  13 

96  37 

8    2 

43  48 

7.528 

City  of  Mexico, 

19  26 

99    5 

8  46      { 

41  26 

7.581 
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TABLE  I.    Magnetic  Ob&ervatiaru  made  during  the  Progress  of  the 


No 
1 

Name  of  Station. 

LoDgitude 

Deelina. 
tionW«t 

I 
Dip. 

Horixontal 
Intcmity. 

3.236  I 

Moant  Harris, 

O          1 

44  89.9 

O          1 

69    8.5 

O        1 

14  34.6 

O        1 

76  14.1 

2 

Ragged  Moantain, 

44  12.7 

69    8.7 

14  16.8 

75  41.2 

3.339 

3 

Camden  VUlage, 

44  12.0 

69    5.0 

13  57.1 

75  41.5 

3340 

4 

Mount  Sebattis, 

44    9.1 

70    4.5 

12  53.5 

75  40.6 

3.411    ' 

! 

5 
6 

Mount  Pleasant, 
Cape  Small, 

44    1.6 

43  46.7 

70  49.0 
69  50.4 

14  32.1 
12    5.5 

76    1.5 
75    1.8 

3.211 
3,387    ; 

7 

Mount  Independence, 

43  45.5 

70  18.9 

1146.4 

75  23.8 

3.360 

8 

Burlington, 

44  27.5 

73  10.0 

9  57.1 

75  56.8 

3.425 

9 

Bowdoin  Hill, 

43  38.8 

70  16.2 

1141.1 

75  14.1 

3.450 

10 

Richmond's  Island, 

43  32.6 

70  14.1 

12  18  1 

75    8.0 

3.463 

11 

Fletcher's  Neck, 

43  26  8 

70  20.2 

11  17.5 

75  18.3 

3.440 

12 
13 
U 

Kennebnnk  Port, 
Mount  Agamenticas, 
Cape  Neddick, 

43  21.4 
43  13.4 
43  11.6 

70  27.8 
70  41.2 
70  36.1 

11  23.6 

10  9  8 

11  9.0 

75  14.1 

74  54.7 
74  57.9 

3.448 
3.456 
3.516 

15 

Patnccawa, 

43    7.2 

71  11.5 

10  42.8 

76  49.5 

3.020 

16 

Kittcry  Point, 

43    4.8 

70  42.7 

10  30.2 

74  57.2 

3.500 

17 

Mount  Unkonoonnc, 

42  59.0 

71  35.0 

9    4.1 

75    8.7 

3.469 

18 

Isle  of  Shoals, 

42  59.2 

70  36.5 

10    3.5 

74  44.1 

3.481 

19 

Plum  Island, 

42  48.0 

70  48.5 

10    5.6 

74  54.9 

3.530 

20 

Annis  Squam, 

42  39.4 

70  40.3 

11  36.7 

21 
22 

Beacon  Hill, 
Baker's  Island  Light, 

42  36.2 
42  32.2 

70  38.3 
70  46.8 

11  21.1 

12  17  0 

74  26  4 
74  18  6 

3.617 
3.674 

23 

(( 

24 
25 
26 

Fort  Lee, 

(t          tc 

Coddon's  Hill, 
Little  Nahant, 
Dorchester  Heights, 

it                      u 

42  31.9 

42  30  9 
42  26.2 
42  20.0 

70  52.1 

70  50  9 

70  55.5 

71  2  2 

10  14.5 

10  49  7 

11  49.8 
9  40.9 
9  31.4 

10  13.7 

75  36  9 

74  29.5 
74  12  7 
74  29.5 

3.487 
3.4B9 

3.555 
3.587 
3.544 

PHYSICS    OF    THE    GLOBE. 


197 


U.  S.  Coast  Survey,  frtm  1844  to  1856,  A.  D.  Baohs,  Superintendent. 


Dftto. 


1855.7 

1854.7 
1854.8 
1853.6 


1851.6 
1851.8 

1849.8 

1855.7 

1851.6 

1850.7 

1850.7 

1851.7 
1847.7 
1851.7 

1849.6 
1850.7 
184S.8 
1847.6 

1850.7 

1849.7 

1849.7 
1849.7 


Locality,  Geology,  and  Bcmarlu. 


1849.< 

1855.: 

1849.7 

1849.1 

1846.7  ( 

1855.: 


K6) 

).7 
II 
i.7) 
i.7  5 


Near  the  geodetic  station  on  the  Dixmont  Hills,  Penobscot  Co., 

Me.    Talcose  slate  of  a  eraycolor,  ranniog  E.  N.  E.  and  W.  S. 

W.  with  a  dip  to  the  N.  N.  W.  from  80°  to  90*^. 
Waldo  Co.,  Me.    Gneiss,  impregnated  with  oxide  of  iron.    Near 

the  geodetic  station  on  the  summit 
On  Penobscot  Bay,  Waldo  Co.,  Me.    On  gronnds  of  Mr.  Hu- 

gier. 
At  the  foot  of  Mt.  Sebattis,  town  of  Wales,  Me.,  in  the  meadow 

of  Colonel  H.  Man*.    On  the  top  of  the  hill  the  declination  was 

fonnd  to  Tary  from  9^  to  14^  in  a  space  of  50  yards.    The  hill  is 

composed  of  granite  with  quartz  veins  and  detached  masses  of 

mica. 
Town  of  Denmark,  Me.    Granite. 
Town  of  Phippsborg,  Me.,  on  the  property  of  Mr.  R.  Morrison, 

50  yards  sonth  of  geodetic  station. 
Town  of  Falmonth,  Me.,  in  a  field  of  Mr.  Joseph  Hobbes,  close  to 

the  old  road.    Drift,  day,  and  grayeL 
At  die  flag-staff  on  Camp  ground,  city  of  Burlington,  Vt    Drift, 

clay,  and  sand  60  or  80  Kei  deep,  overlying  limestone  and  sand- 
stone. 
In  the  gronnds  of  J.  B.  Brown,  city  of  Portland.    Drift,  sand,  and 

gravel. 
In  a  field  near  the  dwelling-house  of  Dr.  Cummings.    Talcose  and 

mica  slate,  intersected  by  a  large  trap  dyke. 
Mouth  of  Saco  River,  extremity  of  sonUi  point.    Metamorphic 

slate. 
150  yards  N.  N.  W.  of  Kennebnnk  Port  Observatory.    Granite. 
On  the  summit  of  Mt  Aeamenticus,  town  of  York,  Me.    Sienite. 
Town  of  York,  Me.,  in  3ie  field  of  J.  Wyer,  on  the  north  side  of 

Cape  Neddick  River,  to  the  south  of,  and  near,  the  road  leading 

to  the  sea-shore.    Granite  underlying  the  soil. 
On  the  summit  of  the  hill,  in  the  town  of  North  Deerfield,  N.  H. 

Mica  slate. 
In  an  enclosure  to  the  east  of  R.  Gerrish's  cottages.    Argillaceous 

slate. 
The  highest  and  most  easterly  summit  of  that  name  in  Goffstown, 

10  miles  west  of  Manchester.    Mica  slate. 
On  th^  south  side  of  the  harbor  of  Hog  Island,  100  yards  from  the 

water.    The  Isles  of  Shoals  are  composed  of  mica  slate  and 

gneiss,  with  beds  of  granite  ore,  and  some  of  them  are  traversed 

by  dykes  of  trap. 
Near  Thompson's  hotel,  on  Plum  Island,  near  Newburyport, 

Mass.    Drift,  covered  with  sea-sand. 
Sienite.    The  sienite  of  the  coast  of  Massachusetts  is  frequently 

traversed  by  dykes  of  trap,  porphyritic  trap,  &c. 
On  the  eastern  point  of  Gloucester,  Mass.    Hienite. 
100  yards  firom  the  Light,  in  the  direction  of  Half-way  Rock.    Sie- 
nite. 
Salem,  Mass.    Sienite. 

Centre  of  Old  Fort    Granite,  partly  covered  by  clay  and  sand. 
Marblehead,  Mass.    Sienite. 
On  the  hill.    Sienite. 
On  South  Boston  heights,  between  Reservoir  and  Asylum  for  Blind. 

Drift  at  least  90  feet  deep,  clay  and  sand  mixed  with  pebbles. 

_ 
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No. 


N«B«  of  Stattkm. 


27  Nantaaket, 

28  BlaeHill, 

29  Beacon  Pole  Hm, 

SO  Manomet  Hill, 

It  u  « 

31  CopecQtHill, 

32  Spencer's  Hill, 

33  Shootfljiog  HiU, 

tl  ((  tc 

34  Hjannis, 

35  Fairfaayen, 

36  Tarpaulin  Ck>ye, 

37  Indian  Hill, 
it         tt 

Sampson's  HiU, 
Nantucket, 


39 


40 

41 
42 

43 

44 

45 

46 
47 
48 
49 

it 

50 


51 
52 
53 
54 
55 
56 
57 

58 

59 
60 
61 


McSparran's  Hill, 

Point  Jadith  Light, 
Providence, 

Watch  Hill, 

Stonington, 
Groton  Point, 

Saybrook, 

Greenport, 

Sachem's  Head, 

Fort  Wooster, 
tt  it 

Oyster  Point, 


New  Hayen, 

Milford, 

Bridgeport, 

Black  Rock, 

Norwalk, 

Stamford, 

Sawpits, 

Drowned  Meadow, 

Lloyd's  Harbor, 
Oyster  Bay, 
New  Rochelle, 


Utitiuk. 

LoBfitade. 

tkmWwt. 

wp. 

HoriaoBtal 
Inteodty. 

1 

O       1 

42  18  2 
42  12  7 
41  69.7 

O       1 

70  54.0 

71  65 
71  26.7 

9  37.4 
9  19.5 
9  27.0 

O      f 

74  15.9 

75  5.6 
74  21.9 

9.566 
9.519 

41  55.6 
it    tt 

4149.3 

70  35.1 

u      tt 

71  9.3 

9  16.9 
9    8.8 

74  90.0 
74    12 
74    9.5 

9.640     { 

I 

41  40.7   71  29.3 

9    5.9 

75    7.1 

f 
41  41.1 

U       it 

41  37.9 
41  37.4 
41  28.1 

70  20.5 

it      u 

70  18.1 
70  53.7 
70  45.1 

9  97.4 
9  40.9 
9  21.6 

8  54.2 

9  19.1 

74  29.9 
79  56.5 
79  49.2 
74  40.0 
79  49  8 

9657     . 
3.669 
9.682 
9  592 
9.696 

41  25.7 

u    u 

41  22.7 

70  40^ 

«    tt 

1  70  28.7 

8  49.9 
8  494 
8  48.7 

79  41.4 
79  29.1 
79  24.5 

9.794 
9.728 
9759 

41  17.5 

70    5.7 

9  14.0 

79  44.4 

9.659 

tt     u 

41  29.7 

U      It 

71  27.1 

9  58.6 
8  48.5 

74    0  6 
79  47.6 

3.626 

41  21.6 
41  50.0 

71  28.6 
71  23  6 

8  59  7 

9  91.5 

73  45.1 

74  15.9 

3.788      1 
3.590 

41  18.8 

71  50.9 

7  99.4 

41  20.0 
41  18.0 

71  54.0 

72  0.0 

1    7  98.1 
1    7  29.5 

73  25.0 

• 

41  16.0 
41    60 
41  17.0 
41  16.9 

It      u 

41  17.0 

72  20.0 
72  21.0 
72  49.0 
72  53.2 

tt     u 

72  55  4 

6  49.9 

7  14.4 

6  15.2 

7  27.2 
7  25.5 
6  91.9 

74  33.8 

72  57.9 

74  16.6 
74  12.6 

73  32.9 

3.667 
3.609 
3.761 

41  16.9 

72  55.5 

7    2.7 

73  44.5 

3.690      i 

41  18.0 
41  160 
41  10  0 
41     86 
41    71 
41    35 
40  59.5 

72  54.3 

73  10 
73  11.0 
73  12.6 
73  24.2 
73  32  0 
73  39.4 

6  97  9 
6  98  9 
6  199 
6  59  5 
6  49.4 
6  96  0 
5  58.0 

73  31.9 

73  21.3 

73    98 
73    2.3 
72  53.4 

3.768      ' 

t 

3.885     1 

40  56.1 

73    3.5 

6    9.6 

40  55  6 
40  52.3 
40  52.5 

73  24.8 
73  31.3 
73  47.0 

6  116 
6505 
5295 

72  50  6 
72  58  8 
72  44.0 

9.857 
9.894 
9.845 

i 

1 

1 

1 
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No. 


J7 
28 
29 

SO 

H 

31 
32 

33 

u 

34 
35 
36 

37 
a 

38 
39 

Ct 

40 

41 
42 

43 

44 

45 

46 

47 

48 

49 
u 

50 


51 
52 
53 
54 
55 
56 
57 

58 

59 
60 
61 


1847.7 
1845.8 
1844.9 

1845.7 
1846.7 
1844.8 

1844.6 

1845.6 
1846.7 
1846  6 
1845.8 
1846.6 

1845.6 
18466 
1846.6 

1846.6 

1855.6 
1844.6 

1847.7 
1855.6 

1847.7 

1845.6 
1845.6 

1845.6 
1845.6 
18457 
1847.7 
1848.7 
1848.7 

1855.6 

1848.6 
18457 
1845.7 
1845.7 
1844.7 
1844.7 
1844.7 

1845.7 

1844.7 
1844.7 
1844.7 


Loc«flt7f  Geologj,  •&<!  Bamarlu. 


Drift  and  allayinm,  resting  on  ai^laceoos  slate. 

Dedham,  Mass.    Sienite. 

Near  Cnmberland  Hill  Tillage,  R.  I.    Granite.    Iron  ore  occurs  in 

the  neighborhood. 
Near  Plymouth,  Mass.    Drift. 

In  the  town  of  Fall  Riyer,  Mass.    Granite.    Iron  ore  occurs  in 

the  neighborhood. 
Near  East  Greenwich,  R.  I.    Metamorphic  slate  of  carboniferons 

age. 
Near  Barnstable,  Mass.    Drift. 

On  a  hill  near  Hyannis  Point,  abont  60  feet  hieh.   Drift. 
Opposite  New  Bedford,  Mass.,  22  yards  east  of  fort    Gneiss. 
Nashna,  Mass.,  N.  E.  of  the  light,  near  soath  shore  of  the  cove. 

Drift. 
Martha's  Vineyard.    Tertiary  strata. 

On  Chappaqoiddick  Island,  oppouteEdgarton,  Martha^s  Vineyard. 
Drift. 

On  the  north  beach,  near  the  edge  of  the  town,  dae  N.  of  Mitch- 
ell's Obserratory.    Drift. 

Aigillaceoos  sand,  overlying  a  stratum  of  day,  resting  on  gneiss. 

South  Kingston,  R.  I.,  in  a  field  near  the  angle  of  the  roads  to 
Kingston  and  Wickford. 

100  yuds  towards  Beavertail  Light. 

In  the  rear  of  Brown  University,  198  feet  from  the  central  build- 
ing.   Quartz  and  jpeiss  rocks,  and  mica  schist. 

Half  a  mile  north  of  Watch  Hill  Lights,  near  Stonington,  Conn. 
Granitic  gneiss. 

Connecticut    Reddish  granitic  ^eiss. 

Near  New  London,  Conn.  Whitish  felspathic  gneiss,  with  mica 
seams. 

Connecticut    Granitic  gneiss. 

In  Southold,  Long  Island.    Drift. 

Connectidut.    Reddish  granitic  gneiss. 

Near  New  Haven,  Conn.    Trap. 

Near  New  Haven  in  the  meridian  of  Yale  College  Observatory. 

Trap. 
On  Howard  Avenue,  603  feet  from  high-water  mark  on  foot  of  the 

avenue.    Argillaceous  soil. 
Near  Pavilion  Hotel.    Sandstone  underlying  drift. 
Greenstone  and  chloritic  slate. 
Conn.    Gneiss  and  mica  slate. 
Conn.    Gneiss  and  mica  slate. 
Conn.    On  Judge  Isaac's  Hill.    Granite. 
Conn.    In  Uie  rear  of  the  Union  Hotel.    Granite. 
Steamboat-landing   at   Port  Chester,  Westchester  Co.,  N.  T, 

Gneiss. 
Near  Drowned  Meadow  village,  north  shore  of  Long  Island.    Drift 

and  alluvium. 
Huntingdon,  Long  Island.    Drift,  with  boulders. 
North  shore  of  Long  Island.    Drift 
About  100  yards  south  of  the  Neptune  House,  in  New  RochcUe, 

Westchester  Co.,  N.  T.    Gneiss  and  homblendic  rocks. 
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No. 


62 

u 
63 

64 

65 


Niine  of  Station. 


Sands'  Point, 

«  tc 

Legget, 

Greenbush, 

Cold  Spring, 


66  Bloomingdale  Asyltun, 

67  Columbia  College, 


68 


Governor's  Island, 


69 

BedIoe*8  Island, 

70 

Receiving  Resenroir, 

71 

Newark, 

72 

Mount  Prospect, 

73 

Cole, 

74 

Sandy  Hook, 

7r 

Mount  Rose, 

76 

White  Hill, 

77 

Vanuxem, 

78 

Girard  College, 

79 

Yard, 

80 

Chew, 

81 

Tucker's  Island, 

82 
83 

Tuckerton, 
Wilmington, 

84 

Sawyer, 

85 

Church  Landing, 

86 

Fort  Delaware, 

Latitude. 

Longitode. 

Declina- 
tion West. 

Dip. 

Horimtal 
Intemi^. 

i 

O       1 

40  52.0 

O       1 

73  43.0 

O       1 

7  14  6 

O       / 

1 

cc     u 
40  48.9 

(1    tt 
73  53.0 

6    9.9 
5  41.0 

72  52.7 

3.976 

42  37.5 

73  44.0 

7  54.7 

75  11.1 

3.587 

41  25.0 

73  57.3 

5  34.0 

73  54.8 

3.790 

40  48.8 

40  42.7 
«    tt 

40  41.5 

73  57.4 

74  0.1 
tt    tt 

74    0.8 

5  9.7 

6  13.1 
6  25.3 
6  39.6 

72  39.0 
72  37.8 

72  46.3 

4.009 
3.926 

40  41.4 

74    2.3 

7    2.1 

72  59.2 

3.920 

40  46.7 

73  57.8 

6  28  0 

72  44.4 

3.938 

40  44.8 

74    7.0 

5  35.1 

72  52.2 

3.964 

40  40.3 

73  57.7 

5  54.7 

72  27  6 

4.053 

40  31.9 

74  13.8 

5  37.4 

72  34.2 

4.028 

40  28.0 
40  27.6 

73  59  8 
73  59.9 

5  51.0 

6  11.2 

72  37.9 
72  52.0 

4.077 
3.917 

40  22.2 

74  42.9 

5  31.8 

72  42  5 

t 
4.130    ' 

40    8.3 

74  43.6 

4  25.9 

72    6.2 

4.147  ; 

40    6.7 

74  52.7 

4  27.8 

72  22.3 

4.068 

1 

{ 39  58.4 

75    9.9 

3  51.1 

72    1.0 

4.143 

1"    '^ 
1 

75    9.8 

4  31.7 

72  17.7 

4.226    : 

1 

j  39  58.3 

75  22.9 

6  42.3 

73    1.4 

i 

3.876    ' 

j  39  48.2 

75    9  7 

3  45.2 

72  14.4 

4.105 

1 

39  30.8 

74  16.9 

4  27.8 

1 

39  36.1 
39  44.9 

74  19  5 

75  33.6 

2  30.7 

72  12.3 
71  25.4 

4.063    i 
4.236    . 

39  42.6 

75  33.8 

2  48.3 

71  57.5 

4.175 

39  40.6 

75  30.4 

5  49.1 

71  22.0 

4.311 

39  35.3 

75  33.8 

3  16.8 

71  34.9 

4.226    ' 

1 
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No. 


Date. 


Locality,  Geology,  aad  Remarks. 


62  1845.7 

"     1847.8 

63  1847.8 

I 

64  1855.7 

65  1855.7 

66  '  1846.3 

67  1844.7 
"     1845.7 

68  1855.6 

69  1 1855.6 

70  1855.6 
1 

71  11846.4 

72  1846.3 

73  1846.4 

74  1844.6 
"     1855.6 

75  1852.6 


18464 
1846.5 


84 
85 


78  1846.4 
"     1855.7 

i 

79  1854.8 

80  1846.5 
I 

81  1 1846.9 

82  1846.9 

83  1846.4 


1846.4 
1846.4 


86    1846.5 


40  yards  E.  N.  E.  from  Sands'  Point  Light    Drift  covered  with 

sulaviam. 
,  Near  die  Ligh^Hoose. 

In  a  cove  north  of  Rikers*  Island,  Long  Island  Sonnd.  Gneiss 
covered  with  allnviom. 

Opposite  Albany,  N.  Y.,  near  Second  Street,  east  of  the  Hudson 
Biver  Railroad  track.    Clayey  sand  and  dark-blae  marl. 

Near  the  Hudson  River,  opposite  West  Point,  on  a  blnff  close  to 
the  village.    Granite. 

Manhatun  Island.    Gneiss  rock,  nnderl^ng  the  soil. 

City  of  New  York.    Gneiss  rock  underlying  drift,  loam,  and  gravel. 

City  of  New  York. 

New  York  harbor,  between  Fort  Columbus  and  Castle  William, 
!     in  range  with  Trinity  Church  steeple  and  Battery  flagstaff. 
Quartzose  sand,  overlying  mica  schist  and  eranite. 

New  York  harbor,  north  side  of  Island,  to  the  northward  of  the 
flagstaff.    Quartzose  sand,  overlying  metamorphic  rock. 

City  of  New  York,  inside  the  Receiving  Reservoir,  near  comer  of 
79th  Street  and  7  th  Avenue.    Gneiss. 

New  Jersey.  Alluvial  soil,  sand,  and  gravel,  superimposed  on  sec- 
ondary red  sandstone  in  place. 

Near  Brooklyn,  Long  Island.  Drift,  with  small  boulders  of  gran- 
ite and  trap. 

In  Westfield,  southwestern  part  of  Staten  Island.  Drift,  with 
small  boulders. 

250  yards  north  of  Light.    Green-sand  formation ;  alluvial  sand. 

About  250  feet  west  of  the  Light- House  on  the  top  of  a  dune.  The 
Hook  consists  of  downs,  and  the  quartz  sand  was  found  25  feet 
deep. 

About  5  miles  west  of  Princeton,  N.  J.,  in  a  field  near  the  house 
of  Thomas  Hunt.  Trap  rock  protruding  through  secondary 
rod  sandstone. 

Near  Bordentown,  N.  J.,  on  the  bank  of  the  Delaware  River.  Cre- 
taceous marl. 

At  Professor  Vannxem*s,  two  miles  above  Bristol,  on  the  Dela- 
ware River,  100  yards  N.  W.  of  the  canal.  Sand,  clay,  and 
gravel  superimposed  on  metamorphic  rock. 

In  the  yard  of  the  Magnetic  Observatory  at  Girard  College,  Phil- 
adelphia. 

To  the  northward  and  eastward  of  the  College,  within  the  enclos- 
ure, and  in  the  road  in  the  rear  of  the  smaller  building  next  to 
the  College.    Metamorphic  rock,  below  gravel,  etc. 

About  10  miles  west  of  Pniladelphia  250  yards  E.  S.  E.  of  the  tri- 
gonometrical station. 

Near  Woodbury,  N.  J.  Marl  and  green-sand  of  cretaceous  for- 
mation. 

Entrance  to  Little  Egg  Harbor,  N.  J.,  N.  W.  point  of  island. 
Alluvium  and  white  sand. 

Delaware.  A  hill  li  miles  W.N.  W.  of  the  Town-Hall.  Trap, 
covered  with  red  clay.    Local  attraction. 

3  miles  south  of  Wilmington,  Del  At  the  edge  of  the  tertiary 
formation  no  rocks  or  boulders  apparent. 

New  Jersey,  on  Delaware  River.  lirift.  Local  attraction  ascer- 
tained to  exist  by  partial  observations  at  these  localities. 

Pea-patch  Island,  Delaware  River.  Alluvial  mud  at  least  70  feet 
deep.      


202 


A.     MATHEMATICS    AND   PHYSICS. 


No. 

Name  of  Station. 

Latitude,  'ixmgltode 

Declina- 
tion West 

Dtp 

O       1 

71  42.6 

Horisonta] 
Intensltj. 

87    Hawkins, 

O       1              O       1 

39  25.6    75  17.0 

O      1 

2  588 

4.224 

88  Tine  Mount, 

39  25.0    75  19.9 

3  14.2 

71  41.4 

4.237 

89 

Bombay  Hook  Light, 

39  21.8    75  30.3 

3  18.5 

71  39.5 

4.201 

90 
91 

Port  Norris, 
Egg  Island  Light, 

39  14.6 
39  10.5 

75    1.0 
75    8.0 

3    4.4 
3    3.0 

71  39.6 
71  45.1 

4.211 
4.206 

92 
93 

u 

Town  Bank, 
Cape  May  Light  (old), 
"       "        "     (new). 

38  58.6 

38  55.8 
tt    ft 

74  57.4 
74  57.6 
74  57.4 

2  59.0 

3  5.1 
3  45.4 

71  23.6 
71  25.8 
71  34.4 

4.269 
4.255 
4.182 

94 
95 
96 
97 

Lewes's  Landing, 
Pilot  Town, 
Osborne's  Ruin, 
Susquehanna  Light, 

38  48.8 

38  47.1 

39  27.9 
39  32.4 

75  11.5 

75  9.2 

76  16  6 
76    4.8 

2  45.0 
2  42.7 
2  32.4 
2  18.7 

71  18.5 
71  47.6 
71  52.1 

4.290 
4.143 
4.086 

98 

4C 

Finlay, 

39  24.4 

76  31.2 

2  14.6 
2  18.5 

71  52.9 
71  45.2 

4.059 
4.170 

99 

Pool's  Island, 

39  17.1 

76  15.5 

2  29.3 

71  52.1 

4.117 

100 

Rosanne, 

39  17.5 

76  42.8 

2  10.9 

72    6.6 

4.053 

101 

Fort  McHenry, 

39  15.7 

76  34.5 

2  18.6 

102 

n 

103 
104 

North  Point, 
((        it 

Bodkin  Light, 
Kent  Island,  (1) 

39  11.7 
tt    tt 

39    8.0 
39    1.8 

76  26.3 

K        tt 

76  25.2 
76  18.8 

1  36.7 

1  39.6 

2  1.9 
2  30.2 

71  29.5 

71  43.1 
71  16.6 

4.183 

4.189 
4.208 

105 

South  Base,  Kent  Island, 

38  53.8 

76  21.7 

2  24.3 

71  37.0 

4.206 

106 

K 

107 
« 

108 

Taylor, 
Marriott, 
Webb's  HiU, 

38  59.8 

u      tt 

38  52.4 
tt  tt 

39  5.3 

76  276 

(i    (( 

76  36.2 
tt    « 

76  40.2 

2  14.4 
2  18.0 
2    9.4 
2    5.0 
2    7.9 

71  40.2 
71  19  3 
71  10.9 
71  13.0 
71  24.0 

4231 
4.221 
4.260 
4.228 
4.279 

109 

Soper*8  Hill, 

39    5.1 

76  56.7 

2    7.1 

71  56.5 

4.142 

110 

Hill's  Hill, 

38  53.9 

76  52.5 

2  18.6 

71  12.2 

4.316 

111 

Causten's  Hill, 

38  55.5 

77    4.1 

1  11.3 

71  18.9 

4.229 

tt 

((          (1 

"    tt 

tt    tt 

1    6.2 

71  30.2 

4.250 

112 

Washington  City, 

tt    tt 
38  53.2 

tt    it 
77    1.2 

1    6.0 
5  44.2 

71  27.0 

4.337 

i 
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Date. 


1846.5 

1646.5 

1846.5 
I 
1846.5 
1846  J» 

1846.5 
1846.5 
1855.6 


1846.5 
1846.5 
1845.5 
1847.5 

1845.5 
1846.3 

1847.5 

1845.4 

1847.3 

1846.5  ; 
1847.3 
1847.3 
1849.5 

1845.4 


1845.4  ) 
1847.4  J 
1846.4 
1849. 
1850.9 


Loealitj,  Geology,  and  Bemarki. 


6.4  } 

9.5  J 


1850.6 
1850.7 
1851.5 

1855.7 

1855.8 
1855.6 


Near  Roadstown,  N.  J.  Cretaceous  formation.  Some  ferraginoas 
sandstone  in  vicinity. 

An  isolated  hill  near  Greenwich,  N.  J.  Cretaceous ;  nnmagnetic 
iron  ore. 

About  60  miles  £.  S.  E.  of  the  Light-House.  Alluvial  clay  and 
sand. 

New  Jersey.    Cretaceous  marl  and  sand. 

Delaware  Bay,  60  yards  S.  by  W.  of  Light-House.  Cretaceous 
marl  and  sand. 

At  Price*8f  near  Cape  May.    Cretaceous  marl  and  sand. 

70  yards  S.  £.  of  Light-House.    Cretaceous  marl  and  sand. 

About  160  yards  W.  of  the  Light-House,  near  the  sand  dunes 
Quartz,  sand,  and  broken  shells. 

Near  Cape  Henlopen. 

On  Cape  Henlopen.    Clay  and  sand. 

Near  Abingdon,  Md.    Talcoso  slate  and  hornblende. 

A  short  distance  to  the  N.  W.  of  Light-House,  at  the  mouth  of 
Susauehanna  River.    Ferruginous  clay  and  sand. 

On  Cub  Hill,  the  property  of  J.  B.  Finlay,  9  miles  north  of  Balti- 
more, on  the  Harford  Turnpike.  Metamorphic  rocks  underlying 
gravel  and  sand. 

Chesapeake  Bay,  near  the  dwelling  of  P.  Wethered,  on  the  upper 
island.    Alluvial  clay  and  sand. 

On  Prospect  Hill,  5  miles  from  Baltimore,  north  of  the  old  Fred 
erick  road.    Alluvial  clay  and  sand. 

Baltimore  harbor;  between  the  Hospital  and  western  stable. 
Ferruginous  sand  and  clay. 

Between  the  two  Lights  at  the  mouth  of  the  Patapsco  River.  Fer- 
mginous  sand  and  clay. 

20  yards  S.  S.  E.  from  Light-House.    Ferruginous  sand  and  clay, 

North  end  of  Kent  Island,  Chesapeake  Bay.  Ferruginous  sand 
and  clay. 

On  the  west  shore  of  Kent  Island,  opposite  Thomas's  Point,  21 
yards  north  of  monument    Ferruginous  sand  and  clay. 

On  the  north  side  of  Severn  River,  opposite  Annapolis,  Md.  Fer- 
ruginous sand  and  clay. 

A  prominent  hill  near  West  River,  Md.,  the  property  of  Bushrod 
Marriott    Green-sand  formation,  ferruginous  day  and  marl. 

Anne  Arundel  Co.,  Md.,  near  the  Annapolis  Railroad,  12  miles 
from  Annapolis.  Green-sand  formation,  ferruginous  clay  and 
marl. 

Prince  George's  Co.,  Md.,  14  miles  from  Washington  City,  on  the 
old  Columbia  road,  property  of  J.  B.  Downs.    Talcose  slate. 

Prince  George's  Co.,  Md.,  6  miles  east  of  Washington  City.  Fer- 
ruginous day  and  sand. 

Near  Georgetown,  D.  C,  122  yards  west  of  the  geodetic  station,  in 
the  grounds  of  J.  H.  Causten.  Mica  slate,  with  quarU  veins, 
underlying  ferruginous  day  and  gravel. 

At  the  geodetic  station,  1°  10'.3,  in  September,  and  P  2'.0  in  Oc- 
tober, by  two  different  instruments. 

Same  station  as  in  June,  1851 . 

Near  Magnetic  Observatory,  in  the  Smithsonian  grounds.  Affect- 
ed by  local  attraction  changing  within  the  enclosure  as  much  as 
Ijo  Declination;  on  Capitol  Hill,  near  Gilliss*  station,  by  com- 
pass needle,  29  25'.  Ferruginous  clay  and  sand  overlying  mica 
schist 
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No. 

Name  of  Station. 

O      1 

38  20.4 

LoDgttnde. 

Deolina- 
tion  West. 

Wp. 

HoitoBtali 

113 

DaTis, 

75    6.0 

O        1 

2  33.0 

O        1 

70  57.7 

4^ 

114  JRoslyn, 

115  iStevenson's  Point, 

37  14.4 
36    6.3 

77  23.6 
76  10.7 

0  26  5 

1  39.6 

69  17.3 
68  54.5 

4.614 
4.660 

116   Shellbank, 

36    3^ 

75  43.8 

1  44.8 

68  37.8 

4.714 

117  Bodie's  Islftod, 

118  Raleigh, 

35  47.5 
35  46.8 

75  31.6 
78  37.8 

1  13.4 

D.EMt. 

0  44.5 

68  18.1 
68  11.6 

4.755 
4.943 

119 

De  RoBset, 

34  14.0 

77  56.5 

1  13.5 

66  47.2 

5.174 

120   Columbia, 

34  ao 

81    2.0 

3    1.7 

66    7.7 

5.274 

121  Allston, 

122  iMacoo, 

123  Breach  Inlet, 

38  21.7 
32  50.4 
32  46.3 

79  12  3 
83  37  6 
79  48.7 

2    6.5 
4  36.4 
2  16.5 

65  29.5 

63  51.0 

64  31.9 

5.402 
5.637 
5.457 

124  East  Base,  Edisto  Island, 

32  33.3 

80  10  0 

2  53.6 

64    4.1 

5532 

125   Sayannah, 

32    5.0 

81    5.2 

3  40.3 

63  40.0 

5.600 

126  Tybee  Island, 

32    1.5 

80  50  6 

3  32.1 

63  38.4 

5584 

127   Cape  Florida, 

25  40.4 

80    9.8 

4  25.2 

56  13.0 

6.615 

128  Sand  Key, 

24  27^8 

81  52.7 

5  28.8 

54  25.8 

6.758 

129  Depot  Key, 

29    7.5 

83    2.8 

5  20.5 

59  55.3 

6.140 

130 
131 
132 

St.  Mark's  light. 

Dog  Island, 

St.  Geoiige*!  Island, 

30    4.5 
29  47.1 
29  37.4 

84  12.5 

84  36.0 

85  1.1 

5  29.2 

5  51.2 

6  2.1 

133 
134 
135 

Cape  St  Bias, 
Hurricane  Island, 
Fort  Morgan, 

29  39.6 

30  4.4 
30  13.9 

85  23.9 
85  40.3 
88    0.3 

6    6.5 

6  12.2 

7  4.1 

6.218 

136 

East  Pascagoula, 

u              u 

30  20.7 

88  318 

7  12.6 
7    8.9 

60  27.2 

6.220 
6.174 

137 
138 
139 
140 

Montgomery, 
Fort  Livingston, 
Isle  Demi^re, 
Dollar  Point, 

32  22.0 
29  16.7 
29    2.0 
29  26.0 

86  18.0 

89  48.5 

90  54.3 
94  52.6 

5  18.3 

7  38.4 

8  19.2 
8  57.4 

63    5.4 
57  53.3 

5J50 
6541 

141 

East  Base, 

29  12.9 

94  55.4 

9    5.0 

57  42.1 

6.491 

142 

Jupiter, 

28  54.8 

95  20.1 

9    8.7 

57  11.7 

6582 

'l43 
144 

Rio  Grande, 
San  Diego, 

25  57.4 
32  42.0 

97    7.6 
117  13.3 

9    0.9 
12  28.8 

52  23.6 

i( 

a         .. 

it     tt 

u     cc 

12  31.7 

67.38.6- 

6.271 
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No. 


Bate. 


LooftUfy,  G«olog7,  and  Itemarici. 


113 

1853.7 

114 
115 

1852.6 
1847.1 

116 

1847.3     1 

117 

1846.9 

118 

1854.0 

119 

1854.4     1 

120  i  1854.2 

ISl 
122 
123 

1853.9 
1855.0 

1849.3 

124 

1850.3 

125 

1852  3 

126 

1852.3 

127 

1850.1 

m 

1849.6 

129 

1852.2 

130 
131 
132 

1852.3 
1853.3 
1853.3 

133 
134 
135 

1854.1 
1854.1 
1847.4 

136 

u 

1847.5  ) 
1855.1  5 

137 
138 
139 
140 

1855.3 
1853.0 
1853.1 
1848.3 

141 

1853.2 

142 

1853.4 

143 
144 

1853.9 
.  1851.3 

Fcr- 


1853.8 


On  the  west  shore  of  Sinepaxent  Baj,  east  of  Beriin,  Md. 

niginous  claj,  and  sand. 
Near  Feterabarg,  Va.    Drift,  femiginoas  clay. 
Western  Point,  at  the  month  of  Little  River,  Albemarle  Sound. 

N.  C.    Tertiary  clay  and  sand.  ! 

On  Albemarle  Sonnd,  east  point  of  entrance  into  Cnrrituck  Sound. 

Alluvial  mud,  sand,  and  shells.  I 

North  Carolina,  near  the  beach,  about  5  miles  N.  N.  W.  of  the 

Light-House.    White  sand.  | 

North  Carolina.    Station  105  feet  east,  and  26  feet  north  of  centre 

of  Capitol  dome.    Granite  rock  underlying  the  soil.  { 

On  a  lot  adjoining  Dr.  Drane*s  residence,  north  side  of  Market 

Street,  Wilmington,  N.  C.    Tertiary  clay,  gravel,  and  sand. 
South  Carolina.    In  the  Capitol  Square,  near  the  southwestern 

comer. 
Near  Georgetown,  S.  C.    Alluvium. 
Georgia. 
On  Sullivan's  Island,  Charleston  entrance,  South  Carolina.  White 

sand. 
Edisto  Island,  S.  C.    Tertiary  formation,  alluvial  mud,  clay,  and 

sand. 
On  Hutchinson's  Island,  in  range  of  Exchange  and  Presbyterian 

Church  steeples,  near  the  second  embankment  from  the  river. 

Alluvium. 
Near  the  mouth  of  Savannah  River  on  a  sand  dune,  near  the  boat- 
house. 
On  the  inside  beach  of  Key  Biscayne,  the  Light-House  bearing 

S.  W.    Black  mud  and  white  sand. 
Near  Key  West,  Florida.    A  small  island  on  Florida  Reef,  com 

posed  of  detritus  of  marine  shells  and  coral. 
Cedar  Keys,  Fla.,  on  the  highest  point  of  the  island.    Drifted 

white  sand  on  alluvial  mud. 
In  the  salt  marsh,  about  400  yards  north  of  the  Light. 
Apalachicola  entrance  (eastern).    White  sea-sand. 
Near  Cape  St.  George,  west  entrance  to  Apalachicola  Bay,  Fla. 

White  sea-sand. 
Florida.    White  sea-sand. 
St.  Andrew's  Bay,  Fla.    White  sea-sand. 
400  yards  N.  £.  of  the  N.  W.  bastion  of  Ft.  Morgan,  Mobile  Ft, 

Ala.    Drif^  white  sand. 
Mississippi.    About  1  mile  east  of  the  mouth  of  Pascagoula  Riv- 
er, in  the  village  near  the  shore.    Tertiary  formation,  ferrugi- 
nous clay  and  white  sand.    Dip  observed  m  1848. 
Near  N.  E.  comer  of  Capitol  Square.    Deep  red  clay. 
Barataria  Bay,  La.    Alluvium  covered  with  drilled  white  sand 
Calllou  Bay,  La.    Alluvium  covered  with  drifted  white  sand. 
On  Galveston  Bay,  10  miles  N.  W.  of  Galveston,  Texas.    Sandy, 

loam.  /  , 

On  Galveston  Island,  10  m/les  S.  W.  of  Galveston,  and  half  a! 

mile  from  the  Gulf  shore.    Sandy  loam.  | 

Four  miles  S.  W.  of  Quintana,  Texas,  near  the  beach.    Drifted 

sand.  I 

Near  the  mouth,  on  the  American  side.    Alluvium.  | 

California,  at  the  Plaza,  near  the  *'  quarters.**    Very  coarse  sand 

stone.    The  high  ridge  of  Point  Loma  is  to  the  west. 
At  the  Plaza,  near  the  Custom-House. 

18 
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No.                Name  of  Station. 

LaHtttde.  Longltade 

Deelina' 
tionEast. 

O       1 

13  30.5 

Dip. 

Horlmtd 

145   Son  Pedro, 

33  46.0    118  16.0 

1 

o     ,      1 
59  32.6       6.144 

146   Point  Conception, 

84  26.9  i  120  25.6 

13  50.2 

147 

San  Luis  Obispo, 

35  10.6 

120  43.5 

14  16.9 

59  42.2       6.002 

148 

Point  Pinos, 

36  38.0 

121  54.4 

14  58.3 

1 

149 
150 
151 

San  Francisco, 
Buck  8  port, 
Humboldt, 

87  47.6 
40  46.6 
40  44.7 

122  26.8 
124  10.7 
124  11.0 

15  26.9 
17    6.5 
17    4.5 

152 

Ewing  Harbor, 

42  44.4 

124  28.8 

18  29.7 

163 

Cape  Disappointment, 

46  16.6 

124    2.0 

20  19.1 

154 

((                          u 

tt      u 

u      u 

20  453 

155 
156 


Scarborough  Harbor,  48  21.8   124  37.2  ,  21  29.9 

Waddah  Island,  Ne^-ah  Bay,  48  22.0 . 1 24  36.6    21  46.9     71    7.0 


4.276 


No. 

145 
146 
147 

148 

149 
150 
151 

152 

153 

154 

;  155 

156 


Date. 

1853.9 
1850.7 
1854.1 

1851.1 

1852.2 
1853.6 
1854.3 

1851.9 

1851.5 

1851.5 
1852.C 

1855.6 


Localitj,  G«oIog]r,  and  Remariu. 


On  the  open  plain,  about  3  miles  north  of  San  Pedro.  GraTd 
resting  on  beds  of  recent  fossil  shells. 

Near  the  mouth  of  the  valley  of  El  Coxo.  A  rich  soil ;  surround-, 
ing  hills  show  limestone,  quartz,  &c.  I 

The  surrounding  hills  are  of  soft  limestone,  resting  on  coarse,  red 
sandstone,  bearing  enormous  fossil  remains,  probably  of  ter- 
tiary age. 

Near  Monterey,  Cal.  A  rich  soil,  resting  on  sandstone.  Beach 
formed  of  large  granite  boulders.  ! 

Near  the  Presidio.    Surrounding  hills  limestone. 

(>a  the  beach;  sand  and  marsh. 

At  the  foot  of  the  western  part  of  the  Bluff,  composed  of  ferrugi- 
nous clay  and  sand,  resting  on  gravel,  bearing  fossil  remains  ofj 
Elephas  primigenius* 

Near  Cape  Orford,  Oregon.  Geology  very  varied.  South  of  Port} 
Orford,  coal  and  plumbago.  North,  limestone  filled  with  fosalj 
shells.  I 

On  the  beach  ;  white  sand,  mixed  with  black  ferruginous  and  aii-| 
riferons  sand.    Surrounding  hills  basalt. 

On  the  summit  of  the  Cape.    Horizontal  columnar  basalt 

Near  Cape  Flattery,  Washington  Territory.  Sand,  surrounding 
hills  varied,  limestone  principally  j  basalt  cropping  out  at  Too- 
tash  Island. 

Near  Cape  Flattery,  "Washington  Territory.  Sandstone  and 
shales  of  coal  measures. 
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TABLE  IL 


MagneUe  Obtervationt  made  on  the  Pacific  Railroad  Exploration^  near  the  Paralld  of 
35**.  By  Lieutenant  J.  C.  Ives,  under  the  Direction  o/* Captain  A.  W.  Whip- 
ple, U.  S.  Top.  Engineer*, 


lAog. 
1  May 

laoct 

:  3  Nov. 

4'   « 
!  5     « 

6  " 

7  •« 


10  '* 

H  " 

12  " 

131  " 
114  Dec. 

lis;  " 

16 1  " 

17i  " 

18  " 

19  »« 
20 '  " 
21 1  " 
221  " 
23  1  " 
24 1  " 
:25  Jan. 
;26 
!27 

,30  Feb. 

31 1  " 

32  ** 

'33  " 

j34  « 

35  «« 

36!  " 

37'  « 

38  " 

39,  *' 

'40'  •» 

'41  «» 
|42  Mar. 

'43  ** 

44  " 

,45  I  »* 

46  « 


9, 1850,x;;ambridge  Observatory, 
10, 1854,|Caribridge  Observatory, 
17, 1853,  Albnquerqiie, 


I 


Isleta, 

Rio  San  Jos^ 
Cov^ro, 
Hay  Camp,* 
Aqua  Fria, 
Prescription  Bock,t 
Zaiii  River, 
Arch  Spring, 
Cedar  Forrest, 
iJacob's  Well, 
'Navajo  Spring, 
Carriso 


9, 
12, 
U, 
15, 
17, 
18, 
22, 
26, 
28, 
29, 
30, 

1. 

2, 

8, 

5, 

7, 

8, 
15, 
16, 
17, 
18, 

Saronx  Spring, 

9,  1854,  Cedar  Creek, 
Pneblo  Creek, 
Williams  River,| 


35 


Foet. 
42  23  71  7j 
42  23  71  7j 
85  6106  38  5026 
34  54  106  404910 
.35  lil07  14  5556 
5,107  26  5880| 
5107  39  60811 
2,107  58  7757, 
3107  14  72381 

6108  396336. 
5;108  48  6350 
lll08  55  6162' 
4|109  14  5973 

6109  20  5665 
6,109  32  55501 


Declina- 
tion. 


W. 


la 


-^. 


35 
'^5 
35 
35 
35 
85 
^5 


I35 


Near  Lithodendron  Creek^p   2  109  41  5500 
Near  Rio  Paerco  of  West,  34  58 109  52  51 10 
Color.  Chiq.,  or  Flax  Riv.,  34  53 
On  Colorado  Chlqnito, 


21, 

23, 

28, 

30, 

1, 

4, 

8, 

9. 

13, 

15, 

16, 

20, 

21, 

22, 

23, 

25, 

1, 

8, 

6, 

7, 

8, 


35  0 
35  1 
35  5 
35  12 
35  18 
35  21 
85  17 
35  21 


.1*^ 


no  4  5015 
110  25  4735 
110  30|4760 
110  33J4675 
110  37  4618 
110  53  4594 
110  5614570 
11139  7378 
112  29  5672 
34  56  112  46  5203 

34  59,112  575752 

35  7113  134680 
Head  ofWhite  Cliff  Creek,  35  I2;il3  21  4784 

35  81113  313526 
135  1 1113  86  2784 
34  36113  281657 
{34  321113  281500 
,34  171113  261015 
899 


IWbite  Cliff  Creek, 
Big  Horse  Springs, 

Williams  River, 


On  Colorado  River, 


Pai-nte  Creek, 
Near  Marl  Springs, 
Sand  Camp, 
Soda  Lake, 


134  13  113  33 
34  14!  113  39 
34171113  56 
34  23114  6j 
34  2741411 


34  36 
34  46 

34  52 

35  6 
3511 
,35    6 


868 
441 
382 
416 
590 
432 
430 


11416 
114  23 
114  32 

114  5412790 

115  833793 
115  46,2038 


9  30  74  34'  1 
I  9  46  74  33  1 
E.  13  25  62  28' 
1313  62  241 
134  63  18  1 
13  49  62  26  1 
35.56  35  39  1 
13  2)62  5  1 
125762  3  1 
132462  2  1 

'61  55 
13  161  40;  1 
13  44  61  59  I 
13  23  61  58,1 
13  54  62  5  1 

13  33  6157  1 

14  0,6146  1 
13  42  62  15  1 
13  4061  54|l 
13  2l|6141  1 

61  44'  1 
13  39  6145|1 
13  42  61  55!  1 

62  3,1 
13  52]6133;i 
13  49  62  6  1 

13  59  61  13  1 

14  48  61  61 1 

13  4061  171 1 
i61  14  1 

14  42  60  48  1 
14  1861  2  1 
14  02  60  36,1 
13  58  60  44j  1 
13  2460  1411 
13  4160  8  1 

6010  1 

6011  1 
3  60  34  1 

|60  351  1 
13  5160  30,1 
13  36'60  48ll 
13  56  60  57|l 
1417|6l  10  I 


14    8 


135    3115  5910021 


13  59|60  56|  1 

;60  49  1 

1351.61     7il 


h 

.798 
.798 
.689 
.686 
,689 
,689 
.566 
,687 
.679 
.683 
.682 
.679 
.674 
.675 
.673 
.667 
.668 
.670 
,665 
.663 
.662 
.668 
.667 
.678 
,659 
.674 
.652 
.648 
,618 
.659 
.648 
.631 
,622 
.627 
.631 
.629 
.624 
.623 
.626 
.628 
.627 
.629 
.635 
.635 
.627 
.632 
,633 


*  This  .camp  was  upon  the  south  side  of  the  stream  of  lava  which  threads  the 
TsUcy  of  the  Rio  San  Josd. 
t  This  station  was  under  the  northern  blnff  of  El  Moro. 
I  Much  Uva  in  the  vicinity  of  this  station. 
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TABLE    m. 

Magnetic  Observations  from  various  Sources^  not  heretofore  puUuhed,  and  collected  fir 

this  Discussion. 


Name  of  Place. 


t 

Reiner's  Run,  N.  Br.  Susq.,  Pa., 
Kelly's  Island,  west  end  L.  Erie, 
East  Sister  Island,  »»     "      " 
,West  Sister    "•       "     "      " 
Stony  Point,  "     »•      ** 

.Waugoshance  Pt.,  Mackinac  Str. 
East  of  Duncan  City,    "  " 

iNear  Newport,  Franklin  Co.,  Mo. 

jFort  Union, 
JFort  Benton,     # 
Fort  Owen, 
Fort  Wallawalla, 
Panama,  New  Grenada, 


Lad- 
tnde. 


o  f 


41  20 
41  36 
41  49 
41  44 
41  56 
45  45 
45  36 
,38  30 

U      tt 

48    0 


Longi- 
tude. 


o     I 


Declination. 


Date. 


77  50 
82  43 

82  51 

83  6 
8315 

84  56|  2 
84  7,  1 
9110  9 
u  u  I  9 

103  5916 
47  52110  3619 
!46  31  113  58 19 
'46  4118  4819 

I  8  571  79  29  6 


19  W. 
13  E. 
18  »* 

20  « 
7   « 

13  " 
53  « 
21.6  " 

5.4  " 
48  « 

0  « 
25  « 
40  •* 
54.6  " 


1856 
1846 
1847 

*» 
1848 
1853 
1851 
1839 
1849 
1853 


,1849 


Authority. 


S.  Tyndale. 

Maps    of  Lakei 

•   Surreys  bjrU.S.1 

Top.  Engineen.l 

Dr.  GoebeL 

Gov.  1. 1.  Stevens. 
)NorUiem  Pacific 
>  BailroadExplo- 
)   rations. 

Mex.  Bonn.  Sor. 


PHYSICS   OP   THE    GLOBE. 


209 


TABLE  IV. 

Reddtud  Differences  between  the  Coast  Survey  Observations^  reduced  to  1850,  and  the 
Values  obtained  from  the  Accompantfing  Maps, 

The  sign  +  or  —  shows  how  the  residual  is  to  be  applied  to  the  obsenred  yalue 
to  give  that  on  the  map. 


No. 

Station. 

DMUnatioi 

1. 

Dip. 

Horiiontal  Inten- 
•Ity. 

i  1 

Mount  Harris, 

Oil        c 

+14    6l  — 

'    i 

Oil         0 

76    2     + 

1 
4 

3.28 

-.04 

2,Ragged  Mountain, 

13  54;  — 

27 

75  32     + 

13 

3.37 

—  .06 

aCamdcnWiUage, 

13  36'  — 

8 

75  32     + 

12 

3.37 

—  .05 

4  Mount  Scbattis, 

12  35t  — 

6 

75  35  '  + 

8 

3.43 

—  .09 

5  Mount  Pleasant, 

14  34|  —2  48 

75  59 

— 

20 

3.22 

+  .15 

6  Cape  Small, 

11  57,  + 

19 

74  58 

+ 

32 

3.40 

—  .01 

7  Meant  Independence, 

1145|- 

3 

75  24 

+ 

3 

3.36 

+  .05 

8  Burlington, 

9  29 

+ 

1 

75  44 

+ 

10 

3.46 

—  .11 

9Bowdoin  Hill, 

11  32 

+ 

9 

75  11 

+ 

10 

,  3.46 
'  3.46 

—  .03 

10  Richmond  Island, 

12  15 

40 

75    7 

+ 

8 

-.01 

'  U  Fletcher's  Neck, 

11  14 

+ 

10 

75  17 

+ 

1 

3.44 

+  .02 

12KcnnebunkPort» 

11  15 

— 

6 

75  11 

— 

2 

3.46 

+  .02 

13  Mount  Agamenticus, 
HCapeNeddick, 

10  21 

+ 

30 

74  57 

+ 

6 

3.45 

+  .05 

11    0 

1 

74  55 

+ 

8 

3.53 

—  .03 

ISjPataccawa, 

10  45 

— 

27 

76  50 

— 1  50 

3.02 

+  .51 

1  16  Kitiery  Point. 

10  27 

+ 

15 

74  56 

+ 

4 

3.50 

+  .02 

'  17,Moant  Unkonoonuc, 

9  10 

+ 

37 

75  10 

19 

3.47 

+  .09 

IShle  of  Shoals, 

10  15 

+ 

26 

74  46 

+ 

8 

3.47 

+  .07 

!  19Plum  Island, 

10    2 

+ 

19 

74  53 

8 

3.53 

+  .04 

20  Annis  Sqnam, 
2l|Bcacon  Hill, 

11  39 

—1  21 

11  23 

— 1 

5 

74  27 

+ 

9 

3.62 

—  .02 

22,Bakcr's  IsUnd  Light, 

12  16 

—2  18 

74  19 

+ 

14 

3.69 

—  .08 

23  Fort  Lee, 

10  16 

— 

16 

1    "      u        u 

10  21 

— 

21 

75  26 

— 

53 

3.53 

+  .08 

24;Coddon'8  Hill, 

11  51 

—148 

1  25  Little  Nahant, 

9  43 

+ 

8 

74  30 

— 

3 

3.55 

+  .09 

!  26  Dorchester  Heights, 

9  48 

9 

74  16 

+ 

5 

3.58 

+  .07 

. "             w                       «* 

9  45 

— 

6 

74  18 

— 

3 

3.57 

+  .08 

1  27  NaPtasket, 

9  49 

— 

4 

74  18 

+ 

2 

3.56 

+  .09 

28,BIae  HUl, 

9  35 

— 

5 

75  10 

52 

3.50 

+  .17 

29BeaoonPoleHai, 

9  53 

— 

50 

74  27 

— 

18 

30ManometHm, 

9  38 

+ 

10 

74  34 
74    4 

+ 

27 
3 

3.62 

+  .09 

3l|Copecut  Hill, 

9  35 

— 

29 

74  14 

20 

32lSpencer'8  HiU, 

9  32 

— 

41 

75  13 

-1  20 

33ShootflyingHiU, 

9  58 

— 

16 

74  28 

— 

34 

3.64 

+  .10 

"         ««  •'    ®    tt 

9  57 

— 

15 

74    0 

— 

6 

3.65 

+  .09 

34H7nnnis, 

9  39 

+ 

4 

73  51 

0 

3.67 

+  .07 

35FairhaTen, 

9  15 

9 

74  44 

— 

55 

3.57 

+  .19 

36Tarpanlin  Cove. 

9  17 

— 

17 

73  53 

— 

10 

3.68 

+  .10 

37  Indian  HUl, 

9    6 

+ 

7 

73  46 

— 

5 

3.71 

+  .08 

"       u           a 

9    6 

+ 

7 

73  32 

+ 

9 

3.71 

+  .08 

38  Sampson's  Hill, 

9    6 

+ 

15 

73  28 

+ 

11 

3.74 

+  .05 

39.Nantacket, 

9  31 

+ 

2 

73  49 

12 

3.64 

+  .14 

«|         u 

9  31 

+ 

2 

73  49 

— 

12 

3.66 

+  .16 

40MacSparran'sHill, 

9  16 

25 

73  53 

— 

10 

41  Point  Judith  Light, 

9  11 

— 

41 

73  47 

— 

10 

3.78 

+  .02 

42  Providence, 

9    2 

— 

5 

74    5 



2 

3.63 

+  .11 

,  «,Watch  HiU; 

7  45 

+ 

30 

44jSionington, 

8    0 

+ 

9 

73  30 

+ 

8 

18' 
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No. 

Station. 

DMMnatkm. 

Dip. 

HoriiontellBtaD. 

0     1 

0     1 

0     1 

0 

1 

45  Groton  Point, 

-f-7  51 

+    10 

46  Saybrook, 

7  12 

+    30  1  74  40 

— 1 

9 

47Greenport, 

7  37 

—      4  ,  73    2 

+ 

22 

48  Sachem's  Head, 

6  37 

+    44' 

49  Fort  WoosWr, 

7  39 

—    30     74  19 

— 

49 

3.66     +  ^1 

U          U                    it 

7  32 

—    23     74  14 

— 

44 

8.60 

+  .27 

50  Oyster  Point, 

6  38 

+    28     73  34 

— 

4 

3.76 

+  .H 

"   )        4t                  iC 

6  35  1  +    31     73  33 

— 

3 

3.73 

+  .14 

51  New  Hayen, 

6  42  ;  +    27  ,  73  33 

— 

2 

3.78   1  +  .08 

52Milford, 

7    0 

+      81 

1 

53  Bridgeport, 

6  41 

+    10     73  26     — 

2 

54'Black  Rock, 

7  15 

—    33; 

55Norwalfc, 

7  16 

—    43     73  11  1  + 

6 

56Suraford, 

7    2 

—   41     73    8     + 

n 

3.86   !  +  .06 

57  Saw-Pita, 

6  24 

—    12     72  59     + 

15 

t 

58  Drowned  Meadow, 

6  25  1  +    23  1 

1 

59  Lloyd's  Harbor, 

6  38  !  —    14  1  72  56     + 

16 

3.84     +  .10 

60  Oyster  Bay, 

7  17  !  -1    2  1  73    4     + 

3 

3.87    I+.08 

61  New  RocheUe, 

5  56 

+      1     72  49  .  + 

18 

3.82   I  +  .14 

62  Sands'  Point, 

7  36 

-1  33  1              1 

"!     "           " 

6  21 

-    18 

63Legget, 

5  52 

—      7     72  55     + 

10 

3.97 

.00 

64  Greenbnsh, 

7  26 

—      2     74  59 

— 

26 

3.63 

+  .03 

65  Cold  Spring, 

5    5 

+1  10  ;  73  43 

— 

5 

3.83 

+  .03, 

66  Bloomingdale  Asylnm, 

5  28 

+    20 

72  43 

+ 

25 

4.00 

-.08 

67,Columbia  College,  N.  Y., 

6  40 

—1  11 

72  43 

+ 

14 

C(                   «                        tl 

6  47 

—1    4 

68  Governor's  Island, 

611 

—    38 

72  35 

+ 

20 

3.97 

+  .03 

69  Bedloe's  Island, 

6  34 

-1    4 

72  48 

+ 

6 

3.96 

+  .05 

70  Receiving  Reservoir, 

6    0 

—    15 

72  33 

31 

3.98 

—  .04 

71 'Newark. 

553 

—    20 

72  56 

— 

4 

3.95 

+  .03 

72  Mount  Prospect, 

6  13 

—    31 

72  31 

+ 

29 

4.04 

-.06 

73  Cole, 

5  55 

—    34  i  72  38  :  + 

9 

4.02 

+  .01 

74  Sandy  Hook, 

6  13 

—    43 

72  43  I  + 

2 

4.05 

+  .01 

i(         (i               ct 

543 

+    13 

72  41     + 

4 

3.96     +08 

75  Mount  Rose, 

5  19 

—    31     72  37     — 

0 

4.15 

-.09 

76,  White  Hill, 

444 

—      5     72    7 

+ 

17 

4.14 

-.04 

77|Vanuxeni, 

4  45 

—    15  .  72  26 

+ 

2 

4.06 

+  .05 

78,Girard  College, 

4    9 

—      0  1  72    5 

+ 

11 

4.13 

+  .01 

((       ii           i( 

4    3 

+      6 

72    6 

+ 

10 

4.27 

—  .13 

79  Yard, 

6  18 

—2  21 

72  52 

36 

8.91 

+  .S8 

80  Chew, 

4    3 

72  18  i  — 

11 

4.09 

+  .07 

81  Tucker's  Island, 

4  43 

—      4 

1 

82  Tuckerton, 

72  26  1  — 

26 

83  Wilmington, 

2  49 

+    50  1  71  29  1  + 

35 

4.22  |-.0i 

84  Sawyer, 

3    6 

+    33  i  72    I  1  — 

1 

4.16  i+.OS 

85  Church  Landing, 

6    7 

—2  25  ,  71  26  '  + 

31 

4.30  1-10 

86  Fort  Delaware, 

3  35 

—      2  i  71  38     + 

14 

4.22     -.01 

87,  Hawkins, 

3  16     -f-    26     71  46  1  — 

1 

4.21 

+  .08 

88,  Pine  Mount, 

3  32  1  H-      7     71  45     — 

1 

4.23 

+  .01 

89  Bombay  Hook  Light, 

3  36     —      6     71  43 

— 

3 

4.19 

+  .06 

90,Port  Norris, 

3  22+29     7143 

— 

6 

4.20     +.05 

91iR^g  Island  Light, 

3  20     +22     71  49 

— 

17 

4.20     +.06' 

92! Town  Bank, 

3  16     +29     71  27 

— 

8 

4.26     +.08 

93  Cape  May  Light  (old). 

3  23     +    19  1  71  29 

— 

7 

4.24     +06 

»»      "       «         "      (new). 

3  17     +    25  1  71  23 

— 

1 

4.22     +.08 

94  Lewes's  Landing, 

3    1     +    23  ' 
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1 
.No. 

Station. 

DwUn 

mMat 

"     0 

+ 

'2^ 

Dip. 

Horlsont 
4.28 

allnten- 

95  Pilot  Town, 

+3    6 

0     1   1      0 
71  22    — 

,i 

+  .06; 

96  08borne*8  Bain, 

2  55     — 

4     7152  1  — 

10 

4.12 

+  .13 

97  Suqvebanna  Light, 

2  26  1  + 

37     71  55    — 

7 

4.08 

+  .16 

98Fiiilay, 

2  87     — 

4     71  57 

— 

19 

4.04 

-f-  .22 

u\      il 

2  87     — 

4     71  49 

— 

1 

4.16 

+  .10 

99  Poors  Island, 

2  42     + 

3  '  71  55 

— 

18 

4.11 

+  .17 

lOORosanne, 

234  !  — 

13 

72  11     — 

37 

4.03 

+  .26 

101  Fort  McHenry, 

2  82  ;- 

2 

•           « 

102  NorA  Point, 

157  1  + 

43     71  33    — 

4 

4.17 

+  .13 

103  Wdkin  Light, 

1  53  '  + 

40 

1 

2  19  1 + 

14 

71  46    — 

17 

4.18 

+  .12  , 

104Kent  Island,  (1) 

2  88     + 

6 

71  17    -1- 

5 

4.21 

+  .11  ' 

105  Soath  Base,  Kent  Island, 

2  47     — 

20 

71  41  1  — 

29 

4.19 

-h  .16  ' 

106Taylor, 

2  37     — 

13 

71  45  1  — 

26 

4.21 

+  .12; 

«  1      u 

2  31 

— 

17 

71  22    — 

3 

4.21 

+  .12  ' 

107  Marriott, 

2  27 

— 

15 

71  14    — 

5 

4.25 

+  .11 

U                |( 

2    7 

+ 

15 

71  13  |  — 

4 

4.23 

+  .13 

108  Webb's  HiU, 

2    3 

+ 

15 

7l  22    -h 

2 

4.29 

+  .03 

109  Soper^s  HiU, 
llOHiirsHill, 

2    4 

1 

71  55  '  — 

31 

4.14 

-h  .19 

2  15     — 

15 

71  11  1  + 

1 

4.31 

-h  .05 

lUCaosten'sHiU, 

1    4     + 

44 

71  16    — 

4 

4.23 

+  .13! 

«        tt          *t 

38     +1  10 

71  19    — 

7 

4.28 

+  .08 

It                €t                       tt 

37     +1  11 

11 2, Washington  Citr, 

5  38    —^47 

71  16    — 

6 

4  38 

—  .01 

llSDaris, 

2  14 

+1 

1 

70  50    — 

2 

4.35 

-h  ,06 

■lURoslyn, 

13 

+ 

32     69  12  !  + 

21 

4.64 

+  .02 

1 15  Sterenson's  Point, 

1  53 

44 

68  58  1  — 

22 

4.65 

+  .14 

lieShellbank, 

I  57 

— 

27 

68  40    — 

4 

4.70 

-f-  .09 

IHBodies  Island, 

-1-127 

+ 

3 

68  21     + 

3 

4.74 

+  .08 

USRaleigh,  N.  C, 

—I    8 

+ 

11 

68    4    — 

7 

4.97 

—  .03 

119,DeRosset, 

1  30 

H- 

27 

66  38  .  — 

6 

5.20 

—  .04 

120Colnmbia,S.  C, 

3  18 

+ 

12 

66    0 

— 

9 

5.30 

12rAllston, 

2  22 

+ 

10 

65  22 

+ 

7 

5.43 

—  .08 

{122  Macon,  Ga., 

4  30 

+ 

30 

63  41 

+ 

28 

5.67 

-h  .01  . 

123  Breach  Inlet, 

2  14 

34 

64  32 

+ 

14 

5.46 

;124  East  Base,  Edisto  Island, 

2  54 

— 

9|  64    4 

+ 

23 

5.53 

1 

'125  Savannah, 

8  49 

+ 

10  ,  63  35  1  4- 

13 

5.62 

1 

126  Tybce  Island, 

3  41 

+ 

8 

63  34  i-l- 

14 

6.60 

H-  .03  . 

127  Cape  Florida, 

4  25 

8 

56  13  ;  -f- 

8 

6.61 

—  .09  1 

128  Sand  Key, 

5  29 

+ 

5 

54  26  '  H- 

1 

6.76 

+  .07 

129  Depot  Key, 

5  22 

+ 

12 

59  55  1  -f 

8 

6.15 

+  .04  ' 

130  St.  Mark's  Light, 

5  31 

+ 

1 

j 

131  Dog  Island, 

5  53 

+ 

10 

1 

1 

i 

132  St.  George's  Island, 

6    4 

+ 

10 

1 

1 

133CapeSt.  Bias, 

6    8 

+ 

4 

1 

j 

IdiHorricane  Island, 

6  14 

H- 

6 

135  Fort  Morgan, 

7    3 

1 

6.21 

136  East  Pascagonla, 

7  12 

0 

60  30^  — 

3 

6.20 

tt     tt           tt 

7  12 

0 

1 

6.20 

137  Montgomery, 

5    6 

— 1 

4 

62  52  !  -1- 

20 

5.89 

-  .10 ; 

138  Fort  Livingston, 

7  40 

— 

4  ' 

j 

Belle  Isle, 

139;i9le  Demi^re, 

820 

-f- 

17 

1 

! 

140  Dollar  Point, 

8  57 

7 

57  53  '+ 

7 

6.53 

—  .04 

141  East  Base, 

9    7 

— 

4 

57  42 

3 

6.52 

+  .02 

142  Jupiter. 

9  10 

— 

5 

57  12 

6 

6.59 

143iRio  Grande, 

-9    2 

— 

5 

52  23 

7 
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No. 


StatioD. 


144  San  Biego, 

«        U  it  _ 

145'san  Pedro, 

146, Point  Conception^ 

147jSan  Luis  Obispo,- 

148;Point  Pinos, 

149,San  Francisco, 

ISOBncksport, 

ISlHumboldt, 

152|EwingHarbor, 

1 53;  Cape  Disappointment, 

154|    «     ■      .       « 

155  Scarborough  Harbor, 

156,Waddahl8l.  (Ne^-ah  Baj), 


Deelioatkm. 

Dip. 

HorixontallBtfli- 
dly. 

r      0     1 

0    1 

Oil       01 

—12  28 

—    21 

1 

12  32 

—    25 

57  38     +    83 

6^ 

—  .04 

13  87 

+    18 

59  32  .—  .17 

6.17 

—  .01 

13  50 

+      5 

14  13 

+      6 

59  42     +    45 

6.63 

—  XB 

14  57 

—      0 

15  25 

—    10 

1 

17    3 

—    14 

1 

' 

17    0 

—    16 

18  28 

+      6 

20  19 

+    22 

*  20  45 

—      4 

»; 

21  27 

—      7 

—21  41 

+      8 

71    7 

4J32 

.00 

V.  METEOROLOGY. 

1.   On  the   Spibality   of  Motion  in   Whirlwinds  and  Tobna- 
DOES.     By  W.  C.  Redfield,  of  New  York. 


1.  An  aggregated  spiral  movement,  around  a  smaller  axial  space, 
constitutes  the  essential  portion  of  whirlwinds  and  tornadoes. 

2.  The  course  of  the  spiral  rotation,  whether  to  the  right  or  left,  is 
one  and  the  same  in  this  respect,  throughout  the  entire  whirling  body, 
so  long  as  its  integrity  is  preserved.  But  the  oblique  inclination 
which  the  spiral  movement  also  has  to  the  plane  of  the  horizon,  is  in 
opposite  directions  as  regards  the  exterior  and  interior  portions  of  the 
revolving  mass.  Thus,  in  the  more  outward  portion  of  the  whirlwind, 
the  tendency  of  this  movement  is  obliquely  downward,  when  the  axis 
is  vertical ;  but  in  the  interior  portion,  the  inclination  or  tendency  of 
the  spiral  movement  is  upward.  This  fact  explains  the  ascensive 
efiects  which  are  observed  in  tornadoes  and  in  more  diminutive  whirl- 
winds. 

3.  Owing  to  the  increased  pressure  of  the  circumjacent  air,  in  ap- 
proaching the  earth's  surface,  the  normal  course  of  the  gradually 
descending  movement  in  a  symmetric  whirlwind  is  that  of  an  invo- 
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luted  or  closing  spiral;  while  the  course  of  the  interior  ascending 
movement  of  rotation  is  that  of  an  evolved  or  opening  spiral.  Hence, 
the  horizontal  areas  of  the  higher  portions  of  the  whirl  exceed  greatly 
those  of  its  lower  portions. 

4.  The  area  of  the  ascending  spiral  movement  in  the  vortex,  as  it 
leaves  the  earth's  surface,  is  by  far  the  smallest  portion  of  the  whirl- 
ing body ;  for  the  reason  that  the  rotation  here  is  proportionally  more 
active  and  intense,  being  impelled  by  the  aggregated  pressure  and  mo- 
mentum of  the  more  outward  portion  of  the  whirlwind  as  it  converges 
from  its  larger  areas,  on  all  sides,  by  increasingly  rapid  motion,  into 
the  smaller  areas  of  ascending  rotation.*  That  this  interior  portion  of 
the  whirl  resembles  an  inverted  hollow  cone,  or  column,  with  quies- 
cent and  more  rarefied  air  at  its  absolute  centre,  may  be  inferred  from 
the  observations  which  have  been  made  in  the  axial  portions  of  the 
great  cyclones.  Into  this  axial  area  of  the  tornado  the  bodies  forced 
upward  by  the  vortex  cannot  fall,  but  are  discharged  outwardly  from 
the  ascending  whirl.  The  columnar  profile  of  this  axial  area  some- 
times becomes  visible,  as  in  the  water-spouts,  so  called. 

5.  Accessions  caused  by  circumjacent  contact  and  pressure  are  con- 
stantly accruing  to  the  whirling  body,  so  long  as  its  rotative  energy  is 
maintained.  A  correlative  diffusion  from  its  ascending  portion  must 
necessarily  take  place,  towards  its  upper  horizon ;  and  this  is  often 
manifested  by  the  great  extent  or  accumulation  of  cloud  which  results 
in  this  manner  from  the  action  of  the  tornado.  In  other  words,  there 
is  a  constant  discharge  from  the  whirling  body  in  the  direction  of  least 
resistance. 

6.  The  spirality  of  the  rotation,  and  its  inclination  to  the  horizon,  in 

*  The  law  of  increment  in  the  velocity  of  the  whirlwind,  as  it  gradually  con- 
Terges  into  lesser  areas  by  its  spiral  involntion,  is  that  which  pertains  to  all  bodies 
when  revolving  aroand  interior  foci  towards  which  they  are  being  gradually  drawn 
or  pressed  nearer  and  nearer,  in  their  involute  coarse ;  the  line  of  focal  or  centripe- 
tal pressure  thns  sweeping  equal  area$  in  equal  times,  at  whatever  diminution  of  dis- 
tance from  the  centre ;  except  as  the  velocity  may  be  affected  in  degree  by  the 
resistance  of  other  bodies.  Such  resistance  is  of  little  effect  in  a  tornado,  because 
its  revolving  mass  is  mainly  above  all  ordinary  obstacles,  such  as  orchards  and  for- 
.esti,  mto  which  the  spirally  descending  and  accelerated  blast,  near  the  contracted 
extremity  of  Ae  inverted  and  truncated  cone  of  the  whirl,  penetrates  with  constant 
freshness  and  intensity  of  force,  already  acquired  in  the  higher  and  nnobstracted 
regioo. 
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the  great  portion  of  the  whirl  which  is  exterior  to  its  ascending  area, 
are  not  ordinarily  subject  to  direct  observation.  Nor  is  the  outline  or 
body  of  the  more  outward  portion  of  the  whirlwind  at  all  visible,  oth- 
erwise than  in  its  efiects. 

7.  In  aqueous  vortices,  the  axial  spiralities  of  the  exterior  and  inte- 
rior portions  of  the  whirl  are  in  reverse  direction  to  those  in  the  atmos- 
phere, the  descending  spiral  being  nearest  to  the  axis  of  the  vortex. 
Hence,  lighter  bodies,  and  even  bubbles  of  air,  are  often  forced  down- 
ward in  the  water,  in  the  manner  in  which  heavier  bodies  are  forced 
upward  in  the  atmosphere. 

The  foregoing  is  simply  a  statement  of  results  which  I  have  derived 
from  a  long  course  of  observation  and  inquiry.  It  does  not  include 
the  partial  and  imperfect  exhibitions  of  whirlwind  action,  which  often 
occur,  nor  the  various  movements  and  phenomena  which  are  collat- 
erally associated  with  tornadoes  and  whirlwinds,  some  of  which  are  of 
much  significance. 


2.  On  Various  Cyclones  oe  Typhoons  of  the  North  Pacific 
Ocean  ;  with  a  Chart,  showing  their  Courses  of  Progres- 
sion.    By  W.  C.  Redfield,  of  New  York. 

This  memoir  is  founded  to  a  considerable  extent  on  data  obtained 
from  the  log-books  and  meteorological  reports  of  the  ships  composing 
the  Expedition  to  Japan,  under  the  command  of  Commodore  Matthew 
C.  Perry,  and  is  intended  for  publication  in  the  appendix  to  the  official 
account  of  the  Expedition. 

Of  the  typhoon  encountered  by  the  United  States  ship  Mississippit 
on  the  7th  of  October,  1854,  on  her  return  from  Japan,  some  notice 
was  given  at  the  last  meeting  of  the  Association  at  Providence.  Alia- 
sion  was  then  made,  also,  to  the  great  cyclone  encountered  by  various 
ships  of  the  squadron,  in  July,  1853,  between  the  coasts  of  China  and 
Japan,  and  at  the  Loo  Choo  Islands.  This  remarkable  storm  spread 
over  a  path  of  perhaps  one  thousand  miles  in  breadth,  while  its  rate 
of  advance  hardly  exceeded  three  miles  an  hour. 

The  Chart  then  exhibited,  on  which  were  shown  the  courses  of 
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seTeral  cyclones  in  the  North  Pacific,  has  been  improved  by  various 
additions,  and  is  now  pfiered  for  publication.  Some  portions  of  the 
memoir,  with  several  abbreviated  reports  of  cyclones,  are  here  sub- 
mitted. 

Cyclones  and  the  Monsoons.  —  In  the  Asiatic  seas,  as  elsewhere, 
the  judgment  of  the  navigator  is  of\en  misguided  by  the  loose  and  in- 
accurate statements  which  are  found  in  various  authorities.  Thus,  it 
is  said  that  gales  or  hurricanes  rarely  occur  in  these  seas,  except  at 
the  change  of  the  monsoons,  or  the  period  of  the  equinoxes.  These 
assumed  axioms  are  greatly  erroneous;  as  the  inspection  of  the 
storm  charts  will  suffice  to  show. 

The  actual  relations  of  the  cyclones  to  the  monsoons  and  local  winds 
of  the  Asiatic  seas  are  of  much  interest,  and  merit  a  careful  examina- 
tion. It  is  quite  remarkable  that  the  monsoons  should  be  found  to 
have  little,  if  any,  control  or  influence,  as  regards  the  regular  courses 
and  development  of  the  cyclones.  This  may  show  the  predominance 
of  cosmical  laws  and  influences  over  the  apparently  opposing  condi- 
tions which  are  so  extensively  presented  in  these  alternating  winds. 

The  extent  of  the  westerly  monsoons,  parallel  to,  and  on  both  sides 
of,  the  equator,  appears  to  be  far  greater  than  has  been  recognized  by 
most  writers.  In  the  northern  hemisphere,  these  counter  winds  of  the 
true  trades  extend  from  the  east  coast  of  Africa,  near  longitude  45**  E., 
at  least  to  longitude  175°  E.,  in  the  Central  Pacific.  The  proper  trade- 
wind  appears  to  consist  of  a  comparatively  thin  stratum  of  aerial  cur- 
rent, moving  upon  the  ocean  surface,  and  distinguished  by  its  inclina- 
tion towards  the  equator.  On  this  stratum  is  ordinarily  imposed 
another  current,  probably  of  greater  depth  and  volume,  into  which  the 
trade-wind  ultimately  merges,  and  which  also  tends  westward  in  the 
trade-wind  latitudes,  but  generally  inclines /rom  the  equator;  as  is 
shown  by  the  rain-clouds  and  squalls  which  it  carries,  and  by  the 
direction  of  translation  imparted  to  the  cyclones  which  it  embodies. 
This  important  wind-current,  so  little  recognized  by  most  writers,  fre- 
quently alternates  with  or  displaces  the  true  trades,  and  it  displaces 
still  more  frequently  the  westerly  monsoon,  as  a  surface  wind  ;  espe- 
cially to  the  east  of  Sumatra.  Thus,  the  "  southwest  monsoon  "  of 
the  China  Sea  and  the  Western  Pacific,  which  extends  to  the  shores 
of  Japan,  is  very  often  displaced  from  the  surface  by  the  subsidence 
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of  the  main  current  of  southeasterly  wind  ;  more  especially  in  the  re- 
gions near  the  Asiatic  coast. 

Universality  of  the  Law  of  Storms.  —  The  law  of  rotation 
and  progression  in  storms,  as  developed  on  the  Atlantic  Ocean,  which 
was  substantially  discerned  by  the  present  writer  in  the  year  1821,  is 
essentially  cosmical  or  world-wide  in  its  origin  and  application.  This 
soon  became  apparent,  in  examining  the  accounts  of  gales  which  are 
found  in  the  voyages  of  Cook,  Vancouver,  and  others,  in  the  several 
oceans  and  climatory  zones  of  our  globe.  Hence,  the  polar  relations 
of  the  phenomena  presented  are  necessarily  changed  in  the  southern 
hemisphere,  where,  in  all  our  relative  comparisons,  south  must  be 
substituted  for  north  ;  east  and  west  remaining  the  same. 

This  similarity  of  polar  relations  in  the  winds  of  the  two  hemi- 
spheres, and  the  corresponding  influences  on  the  barometer  which  are 
shown  by  the  opposite  cyclonic  changes  of  these  winds,  are  virtually 
recognized  in  Captain  P.  P.  King's  account  of  his  surveying  expedi- 
tion in  the  southern  hemisphere,  about  the  year  1826,  as  is  seen  in 
his  sailing  directions.  The  more  complete  and  satisfactory  evidence 
of  this  cosmical  system,  or  law,  of  cyclonic  action,  which  is  derived 
from  a  series  of  extensive  geographical  observations,  made  in  the 
paths  of  storms  in  the  southern  hemisphere,  has  since  been  furnished 
in  the  several  works  of  Reid,  Thom,  and  Piddington.  The  latter  au- 
thor has  also  investigated  many  storms  of  the  Sea  of  Bengal  and  the 
Indian  Ocean,  and  has  noticed  various  gales  or  typhoons  of  the  China 
Sea.  Some  of  the  following  notices  may  serve  to  increase  our  knowl- 
edge of  Asiatic  storms. 

China  Sea  and  Gulf  of  Tonqtjin.  —  On  the  southern  coast  of 
China,  the  semiannual  changes  of  the  monsoons  are  found  to  occur 
in  April,  and  about  the  end  of  September.  On  former  occasions  I 
have  published  notices  of  some  of  the  numerous  typhoons  which  cross 
the  China  Sea,  more  commonly  from  May  to  October,  on  routes  cor- 
responding in  direction  to  those  of  the  hurricanes  in  the  West  Indies, 
and  with  like  characteristics.  That  observant  old  voyager,  Darapier, 
states  that  on  the  coast  of  Tonquin  the  typhoons  are  expected  in  the 
months  of  July,  August,  and  September.  He  says,  that  in  these  ty- 
phoons "  the  wind  comes  on  fierce,  and  blows  very  violent  at  north- 
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east,  twelve  hours,  more  or  less.  When  the  wind  begins  to  abate,  it 
dies  away  suddenly,  and  falling  flat  calm,  it  continues  so  an  hour, 
more  or  less ;  when  the  wind  comes  about  to  the  southwest,  and  it 
blows  and  rains  as  fierce  from  thence  as  it  did  before  from  the  north- 
east, and  as  long."  A  better  description  of  a  violent  cyclone,  as  ob- 
served on  its  centre-path  in  the  lower  latitudes,  and  before  its  recurva- 
tion, could  hardly  be  given. 

A  Typhoon  in  February,  in  the  Trade- Winds  of  the  Pa- 
cific—  At  noon  of  February  3d,  1853,  the  Annie  Buckman,  sailing 
for  Canton,  was  in  latitude  12**  30'  N.,  longitude  129**  16'  E.,  with 
barometer  at  29.75,  and  a  double-reefed  topsail  breeze  from  north- 
east Between  this  time  and  the  9th  the  vessel  was  subject  to  a  very 
violent  typhoon  ;  during  which  both  the  direction  of  the  wind  and  the 
course  of  the  vessel  went  round  the  compass,  by  the  north,  west,  and 
south,  to  the  northeast  quarter,  on  the  9th.  At  noon  of  this  day  the 
vessel  was  in  latitude  18"*  9'  N.,  longitude  127"*  25^  E.,  barometer 
29.80,  and  of  the  few  entries  given,  the  lowest  was  29.25,  at  4  P.  M. 
of  February  7th ;  wind  then  from  the  westward,  and  increasing  soon 
after  to  its  greatest  violence.  Captain  Barber  states  that  in  twenty 
years  of  navigation,  in  all  oceans,  he  had  not  encountered  ahurricane 
80  violent. 

Bonin  Islands.  — On  the  25th  of  October,  1853,  the  United  States 
ship  Plymouth  encountered  a  typhoon  at  Port  Lloyd,  in  latitude  27° 
5'  N.,  longitude  142°  11'  E.,  which  commenced  with  squalls  of  wind 
from  east-southeast,  under  which'  the  barometer  began  to  fall.  "  At 
9  P.  M.  it  fell  calm,  and  continued  so  for  little  less  than  an  hour,  when 
the  wind  came  out  again  suddenly  from  northwest,  with  terrific  vio- 
lence, blowing,  if  anything,  still  harder  than  from  east-southeast.  Ba- 
rometer when  lowest,  28.97 ;  at  which  it  arrived  very  rapidly ;  and 
when  it  commenced  rising,  it  did  so  in  the  same  manner."  This 
cyclone  evidently  completed  its  recurvation  while  passing  over  the 
Bonin  Islands. 

On  the  28th  of  October,  1854,  another  severe  typhoon  passed  over 
Port  Lloyd,  where  the  United  States  ship  Vincennes,  of  the  surveying 
expedition,  was  then  lying  at  anchor.  In  its  recurvation,  its  centre 
went  round  to  the  westward  of  Port  Lloyd,  as  indicated  by  the  sue- 
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cessive  phases  of  the  wind  and  barometer.  It  has  been  ably  described 
by  John  Rodgers,  Esq.,  commander  of  the  expedition,  and  Anton 
Schonbom,  assistant  astronomer,  in  a  communication  addressed  to  the 
present  writer. 

Reindeer's  Cyclone,  July,  1850.  —  The  American  ship  Reindeer 
was  dismasted  in  a  furious  hurricane  on  the  19th  of  July,  1850,  in 
latitude  18**  SO'  N.,  longitude  139"*  E. ;  about  twelve  hundred  miles 
from  the  coast  of  China.  She  ran  with  bare  poles,  under  the  easterly 
winds  of  the  cyclone ;  thus  nearing  its  vortex,  till  the  barometer  bad 
fallen  to  28.85,  when  the  wind  veered  to  south-southeast,  in  a  perfect 
blast ;  the  ship  broached  to,  and  the  masts  soon  went  overboard. 

With  the  knowledge  of  storms  we  now  possess,  our  ships  ought  not 
to  be  thus  disabled  in  open  sea. 

The  Freak's  Typhoon  op  May  1,  1850.— The  English  brig 
Freak  fell  in  with  this  cyclone  in  latitude  19""  28'  N.,  longitude  138^ 
44'  E.,  with  the  wind  east  by  south,  varying  to  east  by  north,  and  the 
brig  ran  westward  with  an  increasing  gale.  At  midnight  the  master 
began  to  suspect  that  he  was  approaching  the  vortex  of  a  cyclone  that 
was  travelling  to  the  northwest,  and  at  1  A.  M.,  May  2d,  he  hove  to 
on  the  starboard  tack,  to  allow  it  to  pass  him.  It  continued  blowing 
a  hurricane,  and  at  noon  the  wind  became  east-northeast,  with  the 
barometer  at  29.22.  Between  2  and  8  P.  M.,  the  foretopmast  was 
broken  off  by  the  force  of  the  wind,  which  at  this  time  was  beyond 
description.  At  3.50  P.  M.,  the  barometer  had  fallen  to  28.87,  its 
lowest  point.  The  wind  from  noon  continued  to  haul  northward,  its 
greatest  strength  being  from  about  northeast  by  north,  and  the  master 
thus  found,  to  his  surprise,  that  he  was  in  the  northwest  quadrant  of 
the  cyclone,  and  on  the  left  side  of  its  centre  path ;  it  having  already 
recurved  to  the  northward  and  eastward.  From  4  P.  M.,  the  barom- 
eter began  to  rise,  and  the  force  of  the  gale  to  decrease. 

The  easterly  wmds  of  this  cyclone  having  veered  by  the  north,  the 
master^s  inference  that  the  recurvation  in  its  course  took  place  during 
the  time  his  vessel  was  in  the  gale,  appears  correct ;  the  centre  of  the 
vortex  having  recurved  southward  and  eastward  of  the  vessels  place. 
His  full  account  may  be  seen  in  the  London  Nautwal  Magazine,  1851, 
pp.  273-275. 
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Ladrohb  or  Marian  Islands.  —  These  islands  lie  near  longitude 
146^  E.,  and  are  subject  to  hurricanes,  for  which  the  inhabitants  pre- 
pare, by  lashing  down  and  securing  their  houses.  They  are  expected 
in  the  months  of  June,  July,  and  August;  also,  in  December  and 
January.  The  island  of  Guam,  latitude  13^  26'  N.,  was  visited  on  the 
23d  of  September,  1855,  by  a  typhoon  of  the  most  violent  character. 
More  than  eight  thousand  persons  were  leA  without  a  house  or  roof  to 
protect  them  from  the  fury  of  the  storm. 

Cyclone  of  the  J.  N.  Goslbr,  May,  1856.  —  The  American  ship 
J.  N.  Gosler,  from  San  Francisco  for  Hong  Kong,  experienced  a 
heavy  typhoon  on  the  28th  of  May,  1855,  in  latitude  l^"  40'  N.,  lon- 
gitude 147®  45^  E. ;  nearly  two  thousand  miles  from  the  Chinese  coast. 
She  carried  away  sails,  spars,  &c.,  and  was  abandoned  on  the  90th, 
with  nine  feet  of  water  in  the  bold.  The  officers  and  crew  succeeded 
in  reaching  the  Marian  Islands,  in  their  boats. 

Strong^s  Island  and  Ascension.  —  Mr.  John  T.  Gulick,  of  the 
Sandwich  Islands,  in  the  year  1852,  visited  several  of  the  Micronesian 
Islands,  near  the  equator,  in  company  with  the  missionaries  who  then 
settled  at  these  islands.  At  Strong's  Island  (Nalan),  in  latitude  5® 
12'  N.,  longitude  163®  E.,  they  were  informed  by  King  George,  the 
principal  chief,  that  some  years  previous  the  island  had  been  visited 
by  a  hurricane  which  wholly  destroyed  the  bread-fruit  trees,  and 
caused  a  famine  which  nearly  depopulated  the  island.  He  described 
it  as  blowing  first  from  one  quarter  of  the  heavens  and  then  from  an- 
other. At  Ascension  Island  (Bonabe),  which  is  about  three  hundred 
miles  distant  in  a  west-northwest  direction,  a  similar  account  was  re- 
ceived. 

Cyclone  of  the  Axjsterlitz,  November,  1851.  —  The  new  clip- 
per Witchcraft  arrived  at  Hong  Kong  on  the  8d  of  December,  from 
California,  with  loss  of  mainmast-head  and  all  the  topmasts.  She 
experienced  a  typhoon  on  the  13 -14th  of  November,  in  latitude 
22**  40'  N.,  longitude  150**  E. 

About  the  same  period,  in  latitude  19"*  48'  N.,  longitude  159**  E., 
the  American  ship  Austerlitz  was  totally  dismasted.  The  chain- 
plates  were  torn  from  her  sides,  and  her  hull  otherwise  much  injured, 
and  the  vessel  was  soon  aAer  abandoned. 
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It  cannot  be  doubted  that  the  Austerlitz  and  Witchcraft  fell,  succes- 
sively,  into  the  heart  of  this  cyclone.  We  have  thus  two  points  estab- 
lished in  its  track,  which  are  distant  from  each  other  about  ^y^  hun- 
dred and  thirty  nautical  miles.  These  positions  show  its  course  to 
have  been  north  71®  west,  or  west-northwest,  nearly.  The  position  of 
the  Austerlitz  is  mbre  than  two  thousand  five  hundred  miles  from 
Hong  Kong,  and  is  somewhat  less  from  the  Sandwich  Islands. 

KiNGSMiLL  Islands  and  Gilbert  Archipelago. ->— These  islands, 
situated  on  and  near  the  equator,  near  longitude  175**  E.,  were  visited 
by  a  ship  of  the  United  States  Exploring  Expedition  under  Captain 
Wilkes.  Variable  winds  from  the  northward  and  westward  prevail 
from  October  to  April ;  and  they  have  violent  gales  from  the  south- 
west. According  to  Kirby,  who  was  taken  off  the  islands,  these 
storms  are  typhoon-like,  and  last  three  or  four  days.  The  westerly 
sides  of  the  islands  receive  most  damage,  and  both  land  and  trees  are 
swept  away. 

Radack  Islands. — These  islands  are  scattered  between  6**  and  11' 
north  latitude,  and  longitude  168°  to  173°  E.  Captain  Kotzebec  ascer- 
tained that  hurricanes  of  great  violence  sometimes  occur  in  Septem- 
ber and  October,  and  th6  natives  always  anticipate  with  dread  the  re- 
currence of  those  months. 

The  Japan's  Typhoon.  —  In  December,  1832,  the  Japan,  a  new 
ship,  encountered  a  severe  hurricane  in  latitude  13°  N.,  longitude 
about  160°  W.  This  position  is  nearly  on  the  meridian  of  the  most 
western  of  the  Sandwich  Islands. 

The  Sandwich  Islands.  —  At  the  Sandwich  Islands,  latitude  19°  to 
22°  N.,  longitude  155°  to  160°  W.,  the  cyclones  which  occur  are  not 
commonly  of  great  severity,  although  the  native  huts  are  sometimes 
unroofed  or  destroyed.  The  Arona,  or  southerly  wind,  by  which  the 
trade-wind,  during  part  of  the  year,  is  much  interrupted,  may  be  re- 
ferred, at  least  in  part,  to  those  cyclones  which  find  their  centre-path 
northward  of  the  islands,  or  which  complete  their  recurvation  in  that 
region.  The  easterly  gales,  which  accord  nearly  with  the  trade-wind 
in  their  direction,  indicate  an  axis-path  which  lies  southward  of  the 
islands.  The  actual  presence  or  influence  of  a  cyclone  may  com- 
monly be  determined  by  the  oscillations  of  the  barometer. 
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The  absence  of  intense  violence  in  any  of  the  cyclones  which  visit 
this  group  may  possibly  be  due  to  their  geographical  position.  But 
it  is  equally  probable  that  this  qualified  exemption  may  result  from  a 
diversion  of  the  course  of  the  central  vortex  of  the  cyclone,  occasioned 
by  the  great  height  and  compact  form  of  Hawaii,  the  most  southeast* 
em  of  these  islands.  For  the  group  lies  in  almost  a  direct  line,  which 
is  parallel  to  the  ordinary  course  of  cyclones  in  the  lower  latitudes, 
being,  from  the  summit  of  Mauna  Kea  to  the  centro  of  Kauai,  north 
61^  west  A  cyclonic  vortex,  if  moving  previously  on  this  line,  would 
be  displaced  by  the  eastern  angle  of  Hawaii ;  which  island  has  an 
area  of  nearly  four  thousand  square  miles ;  a  portion  of  which  rises 
far  above  the  upper  horizon  of  the  cyclones,  and  at  two  points  reaches 
an  elevation  of  nearly  fourteen  thousand  feet.  The  protection,  or  par- 
tial diversion  of  course  thus  occasioned,  must  extend  to  the  high  but 
smaller  islands  which  lie  to  the  leeward  in  the  same  track. 

Cyclone  of  the  Lark.  —  The  Lark,  an  American  barque  from 
Canton  for  Valparaiso,  met  a  severe  gale  on  the  23d  of  September, 
1843,  in  latitude  15**  N.,  longitude  138**  40'  W.  The  Lark  also  en- 
countered  a  violent  typhoon  at  an  earlier  date,  when  off  the  island  of 
Formosa. 

Cyclones  of  the  Eastern  Pacific.  —  For  the  sake  of  brevity,  I 
pass  over  several  accounts  of  violent  cyclones  which  have  been  found 
between  the  Sandwich  Islands  and  the  Southern  coasts  of  Mexico  and 
Central  America.  The  occurrence  of  hurricanes  in  this  part  of  the 
Pacific  is  by  no  means  unfrequent ;  and  the  cases  I  have  quoted  are 
instructive  to  navigators.  The  omitted  notices  are  contained  in  the 
appendix  to  the  account  of  the  Japan  Expedition,  already  referred  to. 
The  sketches  of  storm*tracks,  as  first  intimated,  are  found  on  the 
small  chart  of  the  North  Pacific,  hereto  appended. 

If  these  imperfect  notices  shall  contribute  in  any  degree  to  the  safe- 
ty and  success  of  our  ships  and  commerce,  it  will  be  a  grateful  reward 
for  the  attention  and  labor  which  this  important  subject  has  at  any 
time  required. 

New  York,  September  6th,  1856. 
19* 
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3.  On  the  Avoidance  of  the  Violent  Portions  of  Cyclones, 
WITH  Notices  of  a  Typhoon  at  the  Bonin  Islands.  By 
John  Rodgers,  Commander,  U.  S.  N.,  and  Anton  Schonborn, 
Assistant  Astronomer.  (In  the  form  of  Letters  to  W.  C.  RedfieW, 
by  whom  they  were  communicated  to  the  Association.) 

Commander  Rodgers^s  Letter. 

I  AM  a  firm  believer,  out  of  my  own  experience,  in  the  truth  of  your 
theory  of  hurricanes.  I  think  you  have  enabled  me  to  avoid  storms, 
into  whose  centres  I  should  have  been  unwilling  to  be  involved,  and  I 
feel,  therefore,  that  I  am  under  personal  obligations  to  you  for  your 
happy  meteorological  discoveries.  You  have  conferred  by  them  a 
great  good  to  the  nation  and  to  the  world. 

I  do  not  know  whether  my  notes  of  weather  have  any  value  in  re- 
gard to  the  hurricane  experienced  by  the  Mississippi,  on  October  7th, 
1854.  On  September  23d,  preceding  this  typhoon,  we  were  in  the 
China  Sea,  in  latitude  21°  44'  N.,  longitude  119°  IT  E.  The  weather 
was  very  threatening.  We  were  standing  to  the  southward,  and  a 
black  cloud  was  ahead  of  us,  with  vivid  lightning,  with  a  cross  and 
violent  sea,  with  heavy  rain,  and  fitful  squalls  continually  increasing 
in  frequency  and  force.  I  considered  that  I  saw  a  cyclone  before  us, 
and  that  we  should  avoid  its  force,  by  sailing  away  from  it.  We 
stood  to  the  northward.  The  barometer  soon  rose,  and  the  wind  mod- 
erated. 

At  the  Bonin  Islands,  on  October  28th,  1854,  we  had  a  typhoon. 
The  harbor  of  Port  Lloyd  is  formed  by  the  crater  of  an  extinct  vol- 
cano. The  sides  rise  precipitately  above  the  water  to  the  height  of 
some  twelve  hundred  feet.  You  will  easily  perceive,  then,  that  the 
anchorage  must  be  in  a  great  degree  protected  from  the  violence  of 
the  wind.  Yet  it  blew  awfully.  It  stripped  all  the  leaves  from  the 
trees,  all  vegetation  was  blighted,  and  even  the  sweet-potato  vines  in 
the  sheltered  valleys  were  destroyed  by  it.  As  I  could  not  at  first  be- 
lieve that  the  wind  had  destroyed  them,  I  attributed  their  wilting  and 
turning  black  to  some  unseen  electrical  agency.  I  afterwards  con- 
cluded that  the  wind  had  twisted  and  torn  their  sap-vessels,  so  as  to 
destroy  their  vitality. 

This  storm  was  not  so  marked  as  to  give  any  distinct  warning  of  its 
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approach.  The  evening  before  the  hurricane,  the  surf  broke  more 
heavily  upon  the  mouth  of  the  harbor  than  I  had  seen  it.  Had  we 
been  at  sea,  I  have  little  doubt  but  that  we  should  have  known  of  its 
approach.  This  storm  is  well  described  in  the  accompanying  paper 
by  Mr.  Schonbom,  assistant  astronomer  on  board. 

We  had  a  gale  on  November  9th,  1854,  in  latitude  18**  22'  N.,  lon- 
gitude 143*  45^  E.,  which  I  thought  was  the  edge  of  a  typhoon.  We 
ran  on  until  I  had  satisfied  myself  as  to  its  character,  and  then  we 
hove  the  ship  to  on  the  starboard  tack,  heading  away  from  it.  We 
soon  raised  the  barometer  and  improved  the  weather.  This  case  is 
also  described  in  the  accompanying  paper  of  Mr.  Schonbom. 

In  the  steamer  John  Hancock,  which  I  commanded,  we  were,  on 
May  20th,  1854,  upon  the  verge  of  a  typhoon.  The  weather  was  not 
violent,  but  the  seas  were  peculiar,  rising  up  into  sharp  cones,  and 
running  in  every  direction.  They  buffeted  the  vessel  in  every  part, 
—  striking  her  upon  the  lee  bow  and  weather  quarter  at  once.  I  re- 
marked to  the  officers  on  board,  that  I  felt  sure  we  were  upon  the  edge 
of  a  typhoon.  It  gave  me,  however,  no  uneasiness.  I  concluded  that 
we  were  behind  it,  and  that  keeping  the  vessel  away  would  increase 
our  distance  from  it 

We  steered  off  once,  in  a  fresh  squall,  for  about  fif\een  minutes, 
and  then  hauled  up  to  our  course  again.  We  ran  on  with  a  fair  wind. 
I  expressed  a  wish  to  know  how  any  vessel  some  one  or  two  hundred 
miles  to  the  northward  and  eastward  of  us  was  faring. 

This  curiosity  was  satisfied  by  the  accompanying  extract  from  the 
log-book  of  the  British  ship,  Harkura.  She  was  a  large  Indiaman, 
well  out  of  the  water,  and  in  appearance  such  a  strong,  wholesome 
vessel  as  a  seaman  would  select  to  stand  heavy  weather.* 

Typhoons  are  rare  in  the  China  seas  in  the  month  of  May.  This  is 
therefore  not  without  interest. 


*  The  ship  Harkara  left  Hong  Kong  for  London,  May  16th,  1854,  and  retamed 
to  port,  under  jury  masts,  on  the  Utb  of  June.  She  had  fine  weather  till  the  18th, 
on  which  day  boarded  the  Dutch  barque  Johan  Paul,  then  just  escaped  from  pirates. 
On  the  19di,  wind  fresh  and  steady  at  east  and  east-northeast.  On  the  afternoon 
of  20th  [nautical  time]  moderate  winds  from  east-northeast,  the  barometer  falling 
in  the  evening,  with  lightning  to  the  southward.  Latitude  at  noon  of  that  day,  16^ 
22'  N.,  longitude  113*>  E.  At  10  P.  M.,  a  heavy  bank  rising  in  the  southeast,  with 
lightning  and  distant  thunder,  close-reefed  the  topsails  and  stowed  the  mainsail, 
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Anton  Schonboen^s  Letter. 

During  the  past  five  days  the  weather  had  been  rather  warm,  bat 
very  fine.     Light  winds  from  southeast  were  prevailing,  which  kept 

spanker,  and  jib.  At  midnight,  barometer  still  falliDg,  took  in  mizzen-topeail  and 
foresail,  and  at  2  A.  M.  stowed  main-topsail.  Not  much  wind,  bat  sea  gettinf 
cross  and  high.  At  5  A.  M.,  strong  winds  and  heavy  rain,  barometer  fStllen  three 
tenths  since  the  preceding  noon.  Sent  down  all  top  hamper,  and  secured  all  siili 
with  extra  gaskets.  At  10  A.  M.  [Saturday,  20th]  gale  increased  to  a  harricane, 
with  a  fearful  cross,  high  sea.  Stowed  fore-topsail  and  topmast-staysail,  aa4 
brought  the  ship  to  on  port  tack,  got  a  sail  in  mixzen-rigging  to  keep  ship  to  dtf 
wind,  then  so  violent  that  no  sail  could  stand  it  At  noon  [commencement  of  Slst, 
nautical  time]  latitude,  by  account,  IS^'  N.,  longitude  112<'  20'  £. 

The  afternoon  commenced  with  a  severe  gale,  speedily  increasing  to  a  perfect 
hurricane ;  barometer  down  to  28.50.  At  2  F.  M.  ship  lying  with  her  lee  yard-aras 
in  the  water,  and  barometer  still  falling  rapidly.  Fearing  the  ship  would  foundcft 
cut  away  fore  and  mizzen-topmasts;  but  that  being  insufficient  to  right  the  vesseii 
cut  away  the  fore-topmast  The  vessel  then  righted  a  little,  the  wind  still  Uowiig 
with  fearful  violence,  and  increasing.  The  main-topmast  went  over  the  side,  tak- 
ing with  it  the  head  of  the  mainmast. 

Immediately  after  this  it  fell  a  flat  calm ;  the  barometer  down  to  27.70.  Got  the 
wreck  of  main-topmast  cut  away  from  alongside,  as  well  as  that  of  the  foremast, 
which  hung  to  windward.  At  3  F.  M.,  the  wind  blew  to  the  northwest,  veering  to 
west  and  southwest,  blowing  with  tenfold  violence.  The  lee  bulwarks  all  goal, 
with  everything  movable  about  the  deck,  the  sea  up  to  the  combings  of  the  maiB 
hatch.  The  starboard  side  of  forecastle  washed  out,  and  also  starboard  poop  cabifl. 
At  3  45  F.  M.,  ship  righting  a  little,  rigged  two  pumps  and  pumped  her  dry.  At 
6  F.  M.|  the  fury  df  the  typhoon  moderated,  and  the  barometer  commenced  rising. 
Grale  continued  at  southwest,  veering  round  to  south.  Conunenced  rigging  jtuf- 
masts.  May  22d  [nautical  time],  latitude  15<'  N.,  longitude  112o  lO'  £.  At  8 
F.  M.  [21  St,  true  time]  weather  moderated.  Sea  going  down  and  barometer  ris- 
ing. Wind  south  and  southeast. — Extracted  from  Hong  Kong  GwoOte^  June  141ft, 
1854. 

Captain  Growers  Rbmabks  ok  ths  aboyb  Typhoon. — The  evening  of^ 
day,  May  19th,  the  weather  looked  very  threatening,  but  nothing  gave  reason  forsoS' 
pecting  the  vicinity  of  a  typhoon.  [?]  The  clouds  had  a  dirty,  red  appearance ;  but 
the  quickly  repeated  flashes  of  lightning  and  the  distant  moaning  of  the  thunder  in 
the  southeast  quarter  were  portentous  of  an  approaching  gale.  The  barometer  did 
not  give  early  indications  of  what  was  coining,  [?]  only  three  tenths  of  foil  appear- 
ing up  to  the  time  of  the  commencement  of  the  gale.  The  foil  then,  however,  was 
very  rapid,  and  in  all  of  twenty  years'  experience  (eleven  in  command)  I  never 
saw  the  mercury  so  low  in  the  tube  by  an  inch.    During  the  lull,  when  we  were  in 
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the  temperature  of  the  air,  even  in  the  night,  above  80°,  yet  in  the 
warmest  hours  of  the  day  it  would  seldom  be  over  85°  in  the  shade. 
This  morning,  before  sunrise,  light  squalls  from  southeast,  accompa- 
nied by  drizzling  rain,  interrupted  for  the  first  time  the  continued  fine 
weather  we  had  experienced.  At  noon  the  wind  changed  to  the  north 
of  east,  the  rain  ceased,  it  began  to  clear  up,  and  I  could  see  the  blue 


the  Tortex,  the  barometer,  a  standard  one,  by  Shephard  of  London,  stood  at  27.50; 
lAenrards,  when  we  were  engaged  abont  the  wreck  of  the  masts,  it  was  reported  to 
me  u  standing  at  27  inches ;  in  fact,  altogether  out  of  sight.  The  wind  com- 
menced at  east-northeast ;  stood  in  that  quarter  24  hoars  (moderate  in  early  part), 
veered  to  northeast,  whence  it  continued  steady  till  we  cut  away  the  masts ;  then  it 
suddenly  subsided  into  a  calm,  which  continued  for  half  an  hour;  then,  without  a 
moment's  warning,  it  opened  out  in  the  northwest  in  a  most  frightful  tornado,  so 
Tiolent  that  words  cannot  express  its  force,  and  so  continued  for  an  hour,  when  it 
Teered  lo  west,  and  gradually  afterwards  to  southwest  and  south,  with  continued 
Tiolence.  Rain  throughout  very  heavy.  Had  not  the  vessel  been  brought  to  on  the 
port  tack,  as  Uorsburgh  directs,  when  the  wind  shifted  after  the  lull,  the  vessel 
must  certainly  have  gone  down  stem  foremost ;  as  it  was,  the  gust  taking  her  over 
the  stem,  she  came  up  to  the  wind,  and  so  lay  in  safety  during  the  remainder  of  the 
cydone. 

[Note, — The  interests  of  navigation  require  it  to  be  stated,  that  on  the  evening 
before  the  disaster  Captain  Crowe  had,  in  the  falling  state  of  the  barometer,  and 
the  direction  of  the  wind,  sufficient  evidence  to  show  that  near  by,  in  the  southeast, 
was  a  typhoon,  then  crossing  his  path.  Had  he  wore  ship  at  this  time,  or  even 
brought  to  on  the  starboard  tack,  till  the  wind  should  have  veered  eastward  and  the 
btrometer  commenced  rising,  he  would  have  sustained  no  damage.  But  in  main- 
taining his  course  under  the  unchanging  northeasterly  wind,  and  falling  barometer, 
he  pushed  directly  into  the  heart  of  the  cyclone ;  as  has  too  often  been  done  by 
others. 

Commander  Rodgers  was  fortunate  in  falling  behind  the  violent  portion  of  this 
terrific  cyclone,  and  was  thus  able  to  escape  its  force  without  changing  his  track. 
He  appends  the  log-book  records  of  the  John  Hancock,  from  which  it  appears  that 
it  3  P.  M.  of  May  20th  the  barometer  had  fallen  to  29.60;  the  wind  having  veered 
by  the  northwest  to  west  by  north ;  its  greatest  force  6 ;  the  course  of  the  vessel 
about  nonh-northeast  Latitude  at  noon,  IP  55'  N.,  longitude  IIP  17'  £.  This 
eorresponds  to  the  Harknra*s  nautical  date  of  2l8t;  her  distance  from  the  John 
Hancock  then  being  195  miles ;  the  vortex  at  that  time,  somewhat  nearer.  From 
8  to  6  P.  M.  the  barometer  rose  but  little.  Later  in  that  day  the  wind  was  west  by 
soath,  and  then  variable,  the  barometer  rising  to  29.80.  The  2l8t  commenced  with 
wind  at  sonth-southeast,  which  continued  so  till  noon,  in  latitude  ld<^  51'  N.,  longi- 
tode  1120  47'  £.  Course  north  by  east  After  noon,  the  wind  varied  from  south- 
southeast  to  east,  diminishing  in  force  to  2^.— •  W.  C.  B.] 
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sky  at  times  between  the  slowly  moving  cumuli.  In  the  afternoon, 
about  3  P.  M.,  being  on  shore,  I  heard  some  peals  of  far-off  thunder, 
seemingly  to  eastward ;  the  same  had  been  noticed  on  board  ship.  A 
range  of  mountains  obstructed  the  sight  to  northeast,  east,  and  south- 
east ;  in  the  latter  direction  I  perceived  the  high,  white  tops  of  heavy 
clouds  (cum.  str.)  some  distance  off.  Occasional  rain-squalls  passed 
on  both  sides  of  us.  In  the  evening  the  squalls  were  more  frequent, 
it  rained  often  and  profusely;  the  sky  became  overcast  and  huog 
round  with  dark-looking  clouds,  especially  to  southwest,  where  we 
could  see  the  horizon.  At  8  P.  M.,  barometer  29.859 ;  sympiesoroe* 
ter  29.896;  aneroid  29.822 ;  temperature  of  air  8 IM;  of  water  78^.7 ; 
of  rain-water  75**.2.*  About  8  P.  M.,  flashes  of  vivid  lightning  to  east 
and  northeast,  and  peals  of  heavy  thunder,  occurred,  which  were  re- 
peated several  times  until  10  P.  M.,  at  intervals,  stronger  or  fainter. 

October  2Sth^  4  A.  M. — During  the  night  the  squalls  came  from 
northeast,  and  increased  much  in  violence.  About  4  A.  M.  the  wind 
hauled  to  eastward  and  began  to  blow  more  steadily.  The  rain  fell 
all  night  and  morning  very  abundantly  and  in  large  drops.  Barome- 
ter 29.654 ;  sympiesometer  29.675 ;  aneroid  29.630 ;  temperature  of 
air  80**.6 ;  water  77''.6 ;  rain-water  75**.7.  Towards  6  A.  M.  the  wind 
hauled  to  southeast  by  east,  increasing ;  it  lessened  somewhat  about  8 
A.  M.,  but  regamed  soon  its  former  strength  from  east  by  south. 
Rain  now  fell  incessantly,  but  in  smaller  quantity.  Temperature  of 
rain-water  77®.  The  weather  had  a  very  dark  and  threatening  appear- 
ance ;  a  thick  mist  covered  the  horizon  seawards ;  the  surf  broke  high 
and  violently  on  the  reef  near  the  entrance  of  the  harbor,  and  on  the 
locks  outside. 

At  9  A.  M.,  barometer  29.471 ;  sympiesometer  29.465 ;  aneroid 
29.450;  temperature  of  air  81'*.1 ;  water  77** .7;  rain-water  77** ;  wind 


*  Mr.  Schonbom  appendf  an  excellent  diagram,  showing  the  fall  and  rise  of  tbe 
barometer  under  the  saccessive  winds  of  this  cyclone  as  it  passed  over  the  ship,  ss 
determined  by  freqoent  and  carefol  observations.  He  adds  also  the  curves  indicsft- 
ing  tlie  movements  of  the  sympiesometer  and  aneroid  during  the  same  period.  It 
is  a  graphic  exhibition  of  the  cyclonic  action,  and  affords  a  test  of  the  relative  valoe 
of  the  several  instruments,  under  the  successive  phases  of  the  storm.  He  adds  two 
other  diagrams  of  like  character ;  one  of  which,  together  with  that  just  noticed,  I 
have  reduced  for  these  pages,  so  far  as  relates  to  the  barometer.  I  regret  that  tbey 
could  not  be  reproduced  entire  on  this  occasion.  —  W.  C.  B. 
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southeast  by  east,  force  7.  AAer  10  A.  M.  the  wind  increased  con- 
tinually, shifting  by  degrees  to  southeast ;  the  barometers  and  sympie- 
someters  feli  rapidly.  A  water-spout  was  observed  at  11  A.  M.  in  the 
mouth  of  the  harbor  moving  quickly  southwestward.  It  had  nearly 
the  height  of  the  neighboring  south  bluOT,  behind  which  it  disappeared. 
By  going  over  the  breakers,  a  great  quantity  of  spray  was  carried 
away  with  it,  whirling  around  the  cylinder.  The  clouds  were  not  de- 
fined except  the  scud,  which  flew  swiflly  at  no  great  distance  above 
us.  Shortly  before  noon  the  weather  became  thicker ;  the  surround- 
ing hills  appeared  as  indistinct  shadows ;  indeed,  we  were  sometimes 
80  entirely  enveloped  in  mist  and  fog,  that  we  could  not  see  a  ship^s 
length  around  us. 

Noon,  barometer  29.123;  sympiesometer  28.956 ;  aneroid  29.100; 
temperature  of  air  79® .8 ;  water  77®.7 ;  rain-water  75® .7 ;  wind  south- 
east one  half  east,  10.  At  1.45  P.  M.  the  wind  had  attained  its  great- 
est force,  and  blew  with  unabated  fury  until  8.80  P.  M.,  veering  in  this 
time  from  southeast  by  south  gradually  to  southwest  one  half  west 
There  was  no  calm  at  the  climax  of  the  storm  noticeable.  The  sym- 
piesometer stood  lowest  at  2.20  P.  M.  (at  28.288,  wind  south  by 
west),  and  the  barometer  and  aneroid  at  2.80  P.  M.  (at  28.448  and 
28.482,  wind  south  one  half  west).*  All  three  instruments  remained 
but  a  few  minutes  at  their  lowest  position,  and  rose  then  as  rapidly  as 
they  had  fallen.  It  rained  almost  continually,  rather  lightly,  but  the 
drops  fell  with  great  violence,  and  made  me  at  first  believe  them  to  be 
mixed  with  hailstones,  which  idea  however  I  found  contradicted  by 
examination  and  by  the  temperature  of  the  rain-water.  As  the  wind 
turned  to  the  westward  of  south,  there  came  a  heavy  swell  through 
the  entrance  of  the  harbor,  which  increased  as  the  wind  hauled  more 
to  ^  west  After  8.80  P.  M.  the  force  of  the  wind  diminished 
slightly. 

At  5  P.  M.,  barometer  29.169;  sympiesometer  29.060;  aneroid 


*  The  nearest  approach  of  the  axis  or  centre  was  indicated  bj  these  lowest  ob- 
>er?ati(ms.  As  the  gradual  veering  of  the  wind  was  in  accordance  with  the  appar- 
ent oonrae  of  the  son,  and  no  loll  or  remission  having  occorred  at  the  crisis  of  the 
gale,  it  is  erident  that  the  observers  were  to  the  right  of  the  axis-path,  which  swept 
roond  to  the  southward  and  westward  of  Port  Lloyd.  At  this  time  it  had  partially 
completed  its  rectunration,  and  the  cyclone  was  entering  npon  its  northeasterly  pro- 
greasion.— W.  C.  B. 
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29.178;  temperature  of  air  77^7;  water  7T*  .7;  wind  west  by  south 
one  fourth  south,  10.  Towards  sunset  the  weather  moderated,  the 
clouds  assumed  shapes  again,  and  for  a  short  time  had  a  remarkably 
lurid  appearance,  the  whole  atmosphere,  filled  with  vapor,  seemed 
to  be  lighted  up,  and  gave  to  the  surrounding  landscape  a  yellowish 
tinge. 

At  8  P.  M.,  barometer  29.533;  sympiesometer  29.459;  aneroid 
29.529 ;  temperature  of  air  77°.6 ;  water  77*^.7 ;  wind  southwest  by 
west,  8.  Fresh  squalls  of  light  rain  from  southwest  by  south,  aod 
west-southwest,  passed  frequently.  The  form  of  the  clouds  looked 
loose  and  jagged.  Now  and  then  the  sky  was  partially  clear  over- 
head, and  the  stars  were  visible  even  through  the  thinner  mist-like 
clouds. 

Octoher29th^4  A.M. — Barometer 29.748 ;  sympiesometer 29.652; 

aneroid  29.744 ;  temperature  of  air  78** ;  water  78** ;  wind  west-south^ 

west,  5.     The  weather  has  been  improving  much  during  the  night 

At  9  A.  M.,   barometer  29.853;   sympiesometer  29.830;    aneroid 

29.850;   temperature  of  air  80°.8 ;   wind  light   from  the  westward; 

weather  very  fine. 

Very  respectfully, 

Anton  Schonborn, 

Assistant  Astronomer. 

U.  S.  Ship  Yincennes,  November  9th,  1854. 

During  the  day  we  had  pleasant  weather.  A  steady  south  wind 
blew  all  the  morning,  advancing  us  speedily  on  our  way  to  the  north. 
In  the  afternoon  the  wind  freshened,  hauling  to  south-southwest.  The 
barometer  and  sympiesometer  had  been  falling  since  8  P.  M.  of  the 
previous  day,  and  stood  at  3  P.  M.  at  29.717  and  29.710;  tempera, 
ture  of  air  18*^.1;  water  78® .4;  wind  south-southwest,  7.  We  were 
then  in  latitude  28**  43'  N.,  longitude  143**  59'  E. 

Towards  evening,  when  the  sun  neared  the  horizon,  he  glanced 
with  unusual  brightness  through  the  clouds,  and  the  sunset  was  mag- 
nificent The  gilded  edges  of  the  cumuli  to  northwest  contrasted 
finely  with  the  dark  appearance  of  the  cloud-bank  which  began  to  rise 
on  the  horizon.  South  and  westward  the  upper  and  lower  strata 
of  clouds  exhibited  a  great  variety  of  colors,  from  pale  yellow  to 
brilliant  purple,  and  some  of  them,  which  passed  swiftly  overhead, 
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were  even  of  a  greenish  hue.  A  low,  compressed  mist,  orange-col- 
ored, lay  on  the  water  to  the  west,  serving  as  a  line  of  demarcation 
between  the  calm  and  beautiful  sky  above  and  the  already  troubled 
sea  below. 

As  the  glow  of  the  sunset  lessened,  the  cloud-bank  to  the  northwest 
began  to  rise,  and  when  it  became  dark,  flashes  of  vivid  lightning  fol- 
lowed each  other  in  rapid  succession,  illuminating  at  times  the  whole 
northwestern  part  of  the  heavens.  The  wind  veered  back  to  south  by 
west,  increasing  considerably  in  force,  accompanied  by  sudden  puffs. 
The  waves  became  high  and  irregular,  owing  to  a  cross  swell  from 
south  and  northwest.  A  thick  mist  enveloped  us  sometimes  so  that 
only  a  small  space  overhead  was  clear.  The  barometer  fell  con- 
stantly. At  8  P.  M.  the  ship  was  hauled  by  the  wind  on  the  starboard 
tack^  with  the  head  to  the  eastward.  The  barometer  and  sympiesom- 
eter  stood  lowest  at  9.20  P.  M.  (29.548 ;  29.572).  At  this  time  also 
the  wind  was  most  vehement  from  south-southwest.  The  barometer 
began  to  rise  after  half  past  nine  o'clock.  Towards  midnight  the  weather 
moderated  slightly.  The  wind  blew  in  gusts  from  the  southwest,  veering 
by  degrees  to  westward,  and  some  showers  of  rain  fell.  At  4  A.  M., 
on  the  10th,  the  force  of  the  wind  had  greatly  diminished,  hauling  to 
west-northwest,  and  the  weather  cleared  up. 

It  is  very  probable  that  we  were  in  the  southeastern  wing  of  the 
cyclone.  From  the  collected  facts  the  following  diagram  has  been 
constructed.  By  the  general  appearance  of  the  sky  and  the  swell, 
which  came  at  first  from  northwest,  and  afterwards  from  north,  it 
seemed  that  the  storm  moved  to  northeast.  We  ran  at  first  into  it,  — 
and  by  lying  to,  the  storm  left  us,  passing  on  its  way  to  northeast 
We  entered  the  circle  at  No.  1,  with  a  course  of  north-northeast, 
which  was  soon  af\er  changed  to  north  by  east ;  our  position  on  the 
diagram,  therefore,  became  successively  that  of  No.  2  and  No.  3. 
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Position  No.  1,  November  9th,  2  P.  M.  Wind  south-southwest; 
ship^s  course  north-northeast,  which  was  changed  at  4  P.  M.  to  north 
by  east. 

No.  2,  at  6.30  R  M.  Wind  south-southwest ;  ship's  course  north  hy 
east ;  cloud-bank  to  northwest  (toward  the  centre  of  the  storm). 

No.  3,  at  8.20  P.  M.  Wind  south  by  west ;  ship's  course  north  by 
east ;  after  which  the  ship  was  hove  to,  head  eastward. 

No.  4,  9.20  P.  M.  Wind  south-southwest;  lowest  barometer; 
strongest  wind.     (Nearest  the  centre.) 

No.  5,  November  10th,  1  A.  M.  Wind  westward.  Weather  mod- 
crating. 

No.  6,  3  A.  M.    Wind  west-northwest. 
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4.  Bbstjlts  of  a  Series  of  Meteorological  Observations  made 
AT  New  York  Academies  from  1826  to  1850.  By  Franklin 
B.  Hough,  of  Albany. 

Abstract. 

The  recommendation  of  this  Association  in  1851*  was  successful 
in  procuring  from  the  New  York  Legislature  an  appropriation  for  pub- 
lishing the  results  of  a  series  of  meteorological  observations  made  at 
sundry  Academies  under  the  direction  of  the  Regents  of  the  Univer- 
sity, at  sixty-two  academies,  during  a  quarter  of  a  century,  and  an 
aggregate  period  of  T73  years.  A  reference  of  my  paper  of  1851f 
will  give  a  synopsis  of  the  kind  and  extent  of  the  subjects  of  observa- 
tion, and  I  will,  on  this  occasion,  limit  myself  to  a  concise  statement 
of  the  leading  results  of  the  series  under  consideration. 

From  want  of  uniformity  in  the  returns,  the  records  of  periodical 
phenomena  could  not  be  satisfactorily  arranged  for  comparison ;  but  it 
may  be  stated  as  a  general  rule,  that  the  blossoming  of  plants  and 
other  harbingers  of  spring  occur  from  two  to  three  weeks  earlier  on 
Long  Island  than  in  the  northern  and  western  parts  of  the  State,  while 
in  the  latter  the  first  frosts  and  snows  indicating  the  approach  of  win- 
ter are  seen  nearly  a  month  sooner.  From  rapid  growth  in  the  colder 
sections,  the  harvest  of  spring  grain  occurs  at  nearly  the  same  time 
throughout  the  State. 

The  first  appearance  of  birds  of  passage  is  much  more  uniform,  the 
extreme  intervals  of  the  same  species  seldom  exceeding  a  week. 

The  mean  temperature  for  the  whole  time,  at  all  the  stations, |  was 
46** .74,  distributed  through  the  several  months  as  follows  :  — 
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Whole 

Months 
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Second 
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HiOC 

Hall 

Month. 

Half. 

Half. 

Month. 

Jamiftry, 

25?17 

o 
24.19 

o 
24.68 

July, 

o 
69.12 

o 
70.23 

o 
69.67 

FebnuHry, 

21.68 

26.59 

24.11 

Augnit, 

69.94 

66.99 

68.46 

March, 

31.02 

35.86 

33.44 

September, 

62.14 

57.60 

59.87 

sc 

43.05 

47.58 

45.30 

October, 

50.49 

46.05 

48.27 

53.37 

59.06 

56.21 

NoYember, 

41.24 

34.11 

37.67 

June, 

63.72 

67.49 

65.60 

December, 

29.19 

26.80 

27.24 

— m 

*  See  Proceedings  of  this  Association,  1851,  p.  897. 
t  Ibid.,  p.  168. 

X  Parts  of  years  were  uniformly  omitted  in  the  tabular  summaries,  as  tending  to 
produce  nneqaal  results. 
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The  following  table  shows  the  names  and  location  of  stations  at 
which  observations  were  made^  with  their  elevation  above  tide,  number 
of  years  reported,  and  the  extreme  and  mean  temperature  of  each. 


Academies  and  tbiir  Location. 


iAlboDY,  Albany  Co., 

'Amema  Seminary,  Dutchess  Co^ 

Auburn,  Cayuga  Co., 

Bridgewater,  Oneida  Co, 

BuflFalo,  Erie  Co., 

Cambridge,  Washington  Co., 

Canajoharie,  Montgomery  Co., 

.CanandaiCTia,  Ontario  Co., 

Cayuga  (Aurora),  Cayuga  Co., 

Cherry  Valley,  Otsego  Co., 

Clinton  (East  Hampton),  Suffolk  Co., 

Cortland  (Homer),  Cortland  Co., 

Delaware  (Delhi),  Delaware  Co., 

Dutchess  (Poughkeepsie)  J)utchess  Co., 

Erasmus  Hall  (Flatbush),  King's  Co 

Fairfield,  Herkimer  Co., 

iFarmers'  Hall  (Goshen),  Orange  Co., 

iFranklin  (Malone),  Franklin  Co., 

F'ranklin  (Prattsbuig),  Steuben  Co., 

Fredonia,  Chautauque  Co., 

iGaines,  Orleans  Co., 

Gouyemeur,  St  Lawrence  Co., 

Granville,  Washington  Co., 

Greenville,  Greene  Co., 

Hamilton,  Madison  Co., 

Hartwick,  Otseeo  Co., 

Hudson,  Columbia  Co., 

Ithaca,  Tompkins  Co., 

Johnstown,  Fulton  Co., 

Kinderhook,  Columbia  Co., 

Kingston,  Ulster  Co^ 

Jiansingburg,  Rensselaer  Co., 

iLewiston,  Niagara  Co., 

Lowville,  Lewis  Co., 

Mexico,  Oswego  Co., 

Middlebury,  Wyoming  Co, 

Millville,  Orleans  Co., 

Monroe  (Henrietta),  Monroe  Co., 

Montgomery,  Oranee  Ca, 

Mount  Pleasant,  Westchester  Co., 

Newburg,  Orange  Co., 

New  York  Institute  Deaf  and  Dumb, 

North  Salem,  Westchester  Co., 

Ogdensburg,  St.  Lawrence  Co., 

Oneida  Conference  Seminary  (Caze- 
nom),  Madison  Co., 

Oneida  Institute  (Whitesborough),  On- 
eida Co., 

Onondaga  (Onondaga  Hollow),  Onon- 
daga Co., 
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Sg^M        Rapge. 

3  9  1  Month-  An- 
jjK  1    ly.      nnal. 

feet. 

loo 

o 

o 

o 

o 

Oxford,  Chenango  Co^ 
Ojster  Bay,  Queen's  Co., 
Palmyra.  Wayne  Ca, 
Plattsbnrg,  Clinton  Co., 

961 

16  44.74     98  —.36 

134 

76.3 

114 

1 

2  50.81     95  —  3 

92 

48.2 

90 

? 

1  45.33    93  —  9    102 

54 

102 

120 

5  45.171 100  —20  1  120  ,  63 

108 

Pompey,  Onondaga  Co., 

1,300  17  ;42.83|    91  1—18  |  109     66 

99 

Redhook,  Dntchess  Co., 

1 

12^48.36'    98—28    126     68 

102 

Rochester,  Monroe  Co., 

506 

19  46.79  102  1—  9 

111.  67 

95 

St.  Lawrence  (Potsdam),  St  Lawrence 

Co., 

394 

31  43.61 

96'— 34 

130 

78.3 

114 

Schenectady,  Schenectady  Co., 

1 

3  ;45.82 

91  —16 

107 

55.3 

101 

Springrille,  Erie  Co., 

1,082 

7  45.32 

95  -20 

115:  69.2 

102 

Srracase,  Onondaga  Co., 

Union  Hall  (Jamaica),  Qoeen's  (X, 

400 

1 

1  47.30 
25  ,49.87 

94—3 
100  j—  7 

98  —35 

97 
107 

45 
64.2 

97 
92 

Union  Literary  Society  (Bellville),  Jef- 

ferson Co., 

400'    9  45.51 

133 

74.5 

112 

Utica,  Oneida  Co., 

471  22  ,45.38 

97  ;— 27 

124 

75 

104 

Washington  (Salem),  Washington  Co., 
Mean, 

1 

10  46.53 

100 --40 

140  .  73.8 

119 

146.74 

1 

1  ^^ 

103 

A  comparison  of  the  temperature  of  the  several  months,  at  different 
stations,  shows  a  greater  uniformity  throughout  the  State  in  summer 
than  in  winter,  and  consequently  a  more  rapid  transition  of  tempera- 
ture in  spring  and  autumn. 

The  station  having  the  highest  annual  mean  was  at  Erasmus  Hall 
(Flatbush),  and  that  having  the  greatest  range  was  at  Gouvemeur. 
The  extreme  range  becomes  less  as  the  mean  becomes  higher.  The 
annual  extremes  of  seventeen  stations  which  were  less  than  100^  had, 
with  one  exception,  a  mean  above  that  of  the  State.  The  mean  tem- 
peratures of  the  last  half  of  April  and  October  are  nearly  equal  to  that 
of  the  year. 

The  well-known  influence  of  elevation  upon  temperature  is  strik- 
ingly shown  by  comparing  the  observations  of  stations  near  each  other, 
but  of  different  altitudes.  A  reference  to  the  foregoing  table  will 
show  a  difference  between  Onondaga  and  Pompey ;  Utica  and  Bridge- 
water  or  Fairfield;  Poughkeepsie  and  Amenia;  Newburg  and  Go- 
shen, dz«.,  which  can  be  attributed  to  no  other  cause.  An  isothermal 
chart,  constructed  from  the  observed  surface  temperatures  of  places  of 
different  altitudes  would  therefore  exhibit  nodes  and  irregularities  in 
its  lines,  due  to  inequalities  of  surface,  which  could  not  be  understood 
without  an  accompanying  section  of  the  country,  or  some  notation  for 
indicating  the  relative  altitude  of  different  places. 
20^ 
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Other  influences  likewise  tend  to  produce  permanent  deviations  of 
temperature  from  that  due  to  geographical  position,  such  as  prevailing 
winds  from  local  peculiarities  of  surface,  the  vicinitj  of  bodies  of 
water,  character  of  soil  with  reference  to  absorption  and  radiation  of 
heat,  dec.  The  experience  of  the  series  under  consideration  shows 
that  too  much  care  cannot  be  taken  in  observing  and  reporting  the  va- 
rious local  causes  which  tend  to  modify  the  results  of  meteorological 
records. 

The  mean  direction  of  the  winds  for  the  whole  State  was  S.  80**  W. 
during  thirty  per  cent  of  the  time,  the  remainder  being  neutralized  by 
opposite  winds.  At  thirty-four  stations  the  mean  was  south,  and  at 
twenty-eight,  north,  of  the  mean  of  the  whole  State.  One  of  the  most 
obvious  peculiarities  in  the  observation  upon  winds  is  the  influence  of 
local  valleys  in  the  vicinity  of  the  stations.  As  with  minor  exceptions 
the  prevailing  course  of  the  hills  and  valleys  of  New  York  is  north  and 
south,  it  is  highly  probable  that  the  true  prevailing  course  of  aerial 
currents  across  the  State  is  nearer  west.  A  record  of  the  direction  of 
clouds  would  possess  much  mor6  scientific  value,  and  should  always 
form  a  part  of  a  well-conducted  series  of  observations. 

In  the  volume  under  consideration,  diagrams  were  used  to  illustrate 
the  eflect  of  local  causes  upon  winds,  which  at  the  same  time  indicated 
the  comparative  amount  of  the  several  winds. 

If,  in  the  annexed  figure,  the 
lines  ab,  he,  cd^  de,  c/,  fg,  gh, 
111,  represent  in  direction  and 
length  all  the  winds  that  blow 
from  the  several  points  in  a  given 
month,  the  arrow  ai,  will  repre- 
sent the  resultant 
of  the  winds,  and 

the  sum  of  the  broken  lines  ah,  he,  &c.,  to  t,  the  entire 
period  of  the  month.  It  is  evident  that  the  prevalence 
of  northerly 
and  south- 
erly winds, 
as  at  Kin- 
derhook, 
would  give 
the  figure  a  vertical  elongation  and  very  much  shorten 

wind  at  Kinderhook. 


Winds  at  Utioft. 
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the  resultant,  while  at  places  situated  like  Utica,  in  an  east  and  west 
valley,  the  elongation  would  he  horizontal,  atid  the  resultant  increased 
in  quantity.  The  relative  prevalence  of  winds  may  also  he  shown, 
and  the  modifying  influences  of  local  causes  demonstrated,  hy  laying 
off  from  a  central  point,  in  different  directions,  distances  proportioned 


Whole  state. 


Albany. 


Utica. 


Kinderfaook. 


St.  Lawrenfie. 


to  the  prevalence  of  winds  from  the  several  points,  and  connecting 
the  spaces  thus  laid  off  by  a  line,  as  shown  by  the  annexed  figures,  in 
which  the  final  results  of  the 
winds  of  the  whole  State,  and 
of  Albany,  Utica,  Kinder- 
hook,  and  St  Lawrence  are 
delineated.  In  general,  the 
winds  in  the  State,  are  more 
northerly  in  the  first  half  of 
the  year,  and  more  southerly 
in  the  other  half,  than  the  an- 
nual average. 

The  aspect  of  sky  as  ob- 
served during  a  quarter  of  a  century,  indicates  a  prevalence  of  clear 
open  clouds  in  the  proportion  of  15J  to  14f,  and  a  progressive  in- 
crease of  serene  sky  from  December  to  July,  from  which  it  declines 
to  December.  No  scale  of  cloudiness  was  used  in  these  observations, 
the  general  aspect  of  sky  in  the  forenoon  and  afternoon  being  entered 
daily. 

The  rain-gauge  records  show  that  more  rain  falls  in  the  maritime 
region  of  the  State,  and  in  the  valleys  of  the  Hudson,  Mohawk,  and 
Susquehanna  than  in  other  sections.  At  twenty-nine  stations  the 
mean  was  greater  than  that  of  the  whole  State  (34.9),  and  at  thirty 
stations  it  was  less.    The  greatest  depth  reported  was  at  New  York 
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(46.26),  and  the  least  at  Lewiston  (2  ^23).  At  Bufialo,  Gouverneiir, 
Monroe,  Ogdensburg,  and  Potsdam,  the  mean  was  below  28  inches, 
and  at  Albany,  Bridgewater,  Cambridge,  Cherry  Valley,  Delaware, 
Jamaica,  New  York,  North  Salem,  Oyster  Bay,  Schenectady,  and 
Utica,  it  was  over  40  inches.  The  most  rain  fell  in  summer  and  au- 
tumn ;  the  least  in  February  and  the  greatest  in  June.  From  May  to 
November  the  mean  was  above  that  of  the  year.  The  amount  of  rain 
falling  in  different  years  varies  considerably,  and,  reduced  to  monthly 
means,  was  as  follows :  — • 


Abore  or  be- 

Abore or  be- 

Above or  be- 

Tean. 

Mean. 

low  General 
Mean. 

Yean. 

Mean. 

low  Genend 
Mean. 

Tears. 

Mean. 

low  Genenl 
Hean. 

1826 

2.72 

—0.19 

1835 

2.79 

—0.12 

1843 

8.03 

+0.12 

1827 

3.49 

H-0.58 

1836 

2.78 

-0.13 

1844 

2.69 

—0.22 

1828 

3.19 

+0.28 

1837 

2.99 

+0.08 

1845 

2.69 

—0  22 

1829 

2.76 

—0.15 

1838 

2.65 

—0.26 

1846 

283 

—0.08 

1830 

3.20 

+0.29 

1839 

2.64 

—0.27 

1847 

3.18 

+0  27 

1831 

3.15 

+0.24 

1840 

2.96 

+0.05 

1848 

3.28 

+0J7 

1832 

3.07 

+0.16 

1841 

2.66 

—0.25 

1849 

2.74 

—0.17 

1833 

3.03 

+0.12 

1842 

3.16 

+0.25 

1850 

3.63 

+0.72 

1834 

2.64 

—0.37 

The  number  of  solar  haloes  observed  was  455 ;  of  lunar  haloes,  439; 
distributed  through  the  several  seasons  as  follows :  — 


Aatumn, 
Winter, 


Solar. 

Lnnar. 

Spring, 

196 

128 

Summer, 

87 

51 

62 

110 


93 
167 


Generally  complex  haloes  were  reported,  and  figures  of  the  m<M 
important  of  these  are  given. 

Auroras  were  observed  on  1,152  days  throughout  the  entire  period, 
as  follows :  — ' 


1826  2  1831  55 

1827  14  1832  24 

1828  21  1833  37 

1829  24  1834  85 

1830  80 


1835 

30 

1839 

57 

1843 

56 

1847 

46 

1836 

61 

1840 

78 

1844 

SO 

1848 

78 

1837 

50 

1841 

73 

1845 

24 

1849 

71 

1838 

42 

1842 

35 

1846 

47 

1850 

90 

The  greatest  number  of  auroras  was  noticed  in  September,  their  dis* 
tribution  through  the  several  months  being  as  follows :  — 


January 

76 

April 

125 

July 

100 

October 

110 

February 

86 

May 

83 

August 

122 

KoTember 

74 

March 

106 

June 

79 

September 

131 

December 

60 
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A  list  of  stations  at  which  auroras  were  observed  beyond  the  limits 
of  the  State,  was  introduced  to  show  the  geographical  extent  of  some 
of  the  more  remarkable  ones.  Auroras  were  noticed  on  the  same 
days  in  this  State  and  in  Europe  on  160  occasions.  In  none  of  those 
seen  in  this  State  were  comparative  observations  made  with  the  view 
of  determining  the  altitude  of  the  aurora. 


5.  Oif  THE  Peculiar  Appearance  op  the  Atmosphere  on  the 
23d  of  May,  1856,  at  St.  Martin's,  Isle  Jestts,  Canada  East. 
Latitude  45**  32'  north.  Longitude  IS"*  36'  west  from  Greenwich, 
118  feet  above  the  level  of  the  Sea.  By  Charles  Smallwood, 
M.  D.,  of  Toronto. 

At  noon,  on  Friday,  the  23d  of  May,  the  southwestern  horizon  was 
covered  with  a  rather  dense  haze,  but  of  a  very  low  altitude.  The 
zenith  and  eastern  horizon  were  cloudless,  and  it  was  not  till  the  two 
o'clock  observation  (one  of  the  usual  hours  for  observation  at  this  Ob- 
servatory) that  any  particular  attention  was  directed  to  it.  The  two 
o'clock  observation  is  thus  recorded. 

Barometer,  29.604  inches.  Thermometer,  78**.9.  Dew-point,  62'*.0. 
Elastic  force  of  aqueous  vapor,  .559.  Humidity,  .55.  Wind  southwest. 
Mean  velocity  8.21  miles  per  hour.  Sky  cloudless,  a  peculiar  haze 
in  southwest  and  west- southwest,  commencing  at  the  horizon  and  ris- 
ing to  an  altitude  of  12**.     Electrometers  indicate  very  feeble  intensity. 

3  P.  M.,  Thermometer  indicated  a  temperature  of  83®.4.  Barom- 
eter falling.  Wind  southwest  by  west,  16  miles  per  hour.  At  this  time 
the  haze  which  had  been  observed  at  noon  had  increased  in  density, 
and  had  now  attained  a  greater  altitude,  and  in  some  measure  ob- 
scured the  sun's  rays,  giving  to  the  sun  itself  a  ruddy  color.  At  4 
P.  M.  the  obscuration  was  more  dense,  the  heat  was  very  oppressive, 
and  at  6  P.  M.  the  obscuration  had  so  much  increased  as  to  completely 
hide  the  sun  from  view.  There  was  no  distinct  form  of  clouds  pres- 
ent, but  there  appeared  a  uniform  dense  haze. 

At  6.15  the  following  were  the  observations  recorded.  The  horizon 
in  north-northeast,  and  extending  to  east- southeast,  perfectly  cloudless ; 
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from  an  altitude  of  nearly  3^  there  was  a  peculiar  yellow  appearance  in 
that  part  of  the  heavens  to  the  visible  horizon.  From  this  altitude  of 
about  3^  hung,  as  it  were  a  curtain,  this  dense  mass  of  hazy  matter,  of 
a  dull  reddish  or  coppery  hue,  stretching  out  at  rather  a  low  elevation, 
completely  obscuring  the  zenith,  the  southwestern  and  northwesten 
horizon.  The  sun  was  still  completely  obscured  and  invisible;  ths 
barometer  now  stood  at  29.578  inches ;  the  thermometer  indicated  a 
temperature  of  73**.  1.  The  wind,  which  at  3  P.  M.  was  blowing  16 
miles  an  hour  from  the  southwest  by  west,  had  gradually  decreased  in 
velocity,  and  was  now  lulled  into  a  gentle  calm. 

At  6.20  P.  M.,  which  is  recorded  here  as  being  about  the  time  of 
the  greatest  obscurity,  the  fowls  had  retired  to  roost,  the  frogs  bad 
begun  their  croak,  the  cows  had  of  their  own  accord  left  their  pasture ; 
the  green  fields  exhibited  a  peculiar  dark-green  or  bluish  hue,  which 
contrasted  very  strongly  with  the  eastern  horizon,  which  was  still 
clear,  presenting  a  bright  light  of  a  yellow  t'mge.  From  about  6  P.  M. 
until  dark,  I  was  occupied,  with  my  son,  in  catching  leaves  and 
ashes  which  were  carried  by  the  wind.  The  leaves  were  of  exoge- 
nous plants  of  the  class  Cupuliferee  and  AcerinesB  (mostly  beech  and 
maple).  They  appeared  scorched  and  blistered,  as  if  caused  by  great 
heat  The  ashes  continued  falling  most  part  of  the  night,  at  least  till 
about  2.20  A.  M.  of  the  24th,  when  the  wind  veered  by  the  north  to 
due  east.  On  submitting  these  ashes  to  examination,  I  found  they  con* 
sisted  of  silicious  (flinty)  matter,  leaving  a  permanent  mark  on  glass. 
They  were  also  mixed  up  with  light  vegetable  matter.  From  the  size 
of  the  leaves,  I  presumed  they  were  not  of  this  year's  foliation,  and 
this  was  verified  upon  further  examination ;  and  this  may  account  in 
some  measure  for  the  distance  they  were  carried,  and  no  doubt  aided 
by  the  dense  medium  by  which  they  were  surrounded,  or  in  which 
they  floated.  They  were  all  caught  before  reaching  the  ground,  so 
that  no  error  could  possibly  occur. 

I  shall  now  give  a  report  of  the  appearances  as  they  occurred  at 
Bytown.    The  newspaper  says :  — 

"  On  Friday  aflemoon  last,  the  wind  brought  up,  apparently  from 
the  rear  of  the  Gatineau  Mountains,  opposite  this  city,  a  vast  cloud, 
which  gradually  rose  to  the  zenith,  and  finally  spread  over  the  whole 
face  of  the  heavens.  A  more  extraordinary  appearance  we  never 
saw.     The  cloud  itself,  particularly  towards  the  zenith,  was  of  a  lurid 
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copper  color,  while  towards  the  quarter  from  which  the  wind  came 
there  was  a  large  spot  of  lighter  color,  absolutely  fiery,  very  like  what 
sailors  call  the  'ox-eye,^  which  is  seen  amidst  the  masses  of  dark 
clouds  which  prelude  a  hurricane  on  the  west  coasts  of  Africa.  It  is 
no  exaggeration  to  say,  that  the  scene  was  a  most  awful  one,  and  every 
one  expected  a  tremendous  outbreak  of  the  powers  of  nature  ;  some 
predicted  an  awful  thunder-storm ;  others  a  hurricane  of  wind  and  del- 
uge of  rain ;  but  nothing  came  of  it ;  the  clouds  gradually  passed 
away,  and  the  evening  was  fine.  During  the  continuance  of  this 
dense  cloud,  a  few  ashes  and  some  burnt  leaves  fell  in  the  streets  in 
various  places,  and  our  own  opinion  is,  that  all  this  most  remarkable 
appearance  was  the  result  of  an  enormous  fire  in  the  forest,  far  up  on 
the  southern  slope  of  the  range  of  mountains  which  terminate  on  the 
Saguenay,  passing  behind  Three  Rivers  and  Quebec.  If  it  be  so,  the 
conflagration  must  have  been  of  an  astounding  character  to  have  pro- 
duced such  results  here,  and  it  is  evident  that  the  scene  of  the  fire 
must  have  been  far  off,  and  probably  in  a  tract  of  land  where  none  but 
the  red  man  puts  his  foot,  for  we  have  heard  of  no  fire  anywhere  near 
civilized  settlements  in  that  direction. 

"  On  the  next  morning,  Saturday,  we  experienced  a  heavy  thunder- 
storm, whh  rain,  and  in  the  aAernoon  there  was  a  little  thunder,  with 
showers.  The  heavy  rain  of  Saturday  must  have  swelled  the  tribu- 
tary streams,  and  so  will  aid  the  timber-driving." 

"  Since  the  publication  of  our  paper,  this  morning,  we  have  received 
a  communication  from  Pembroke,  the  substance  of  which  we  commu- 
nicate to  our  readers  in  the  form  of  an  extra.  The  extraordinary  phe- 
nomenon of  Friday,  alluded  to  in  our  columns  of  to-day,  is  now  fully 
accounted  for ;  but  we  must  confess  ourselves  at  a  loss  to  understand 
how  a  vast  cloud  of  smoke  arising  from  a  fire  above  Pembroke,  could 
make  its  first  appearance  here  from  behind  the  mountains  which  skirt 
the  township  of  Hull.  We  can  only  account  for  it  by  applying  Reid's 
theory  of  storm,  that  the  wind  blows  in  circles,  and  that  the  storm 
of  wind  which  brought  the  great  cloud  past  this  city  must  have  cir- 
cled to  the  westward  from  Pembroke.  We  may  be  talking  nonsense, 
for  we  pretend  to  no  accurate  acquaintance  with  meteorology,  but  in 
our  simplicity  can  account  for  the  phenomenon  in  no  other  way.  Our 
correspondent  says  that  a  great  fire  broke  out  in  the  woods  near  Pem- 
broke on  Friday,  that  many  farmers  were  burnt  out,  and  that  nothing 
was  expected  but  the  destruction  of  the  whole  town.    The  wind  fortu- 


240  A.     MATHEMATICS    AND   PHYSICS. 

nately  changed,  but  all  the  inhabitants  had  everything  ready  to  take  to 
the  river  as  their  only  chance  of  safety. 

"  On  the  Petewawee  River,  ten  miles  from  Pembroke,  the  women 
and  children  had  to  take  to  the  river  to  save  their  lives  ;  two  or  three 
saw-mills,  a  tavern,  and  all  the  houses  in  the  settlement,  are  destroyed. 
In  Pembroke,  at  two  o'clock  on  Friday,  nothing  could  be  seen  but 
sheets  of  flame,  which  appeared  to  surround  the  place ;  the  sun  was 
as  red  as  blood,  and  the  whole  sky  seemed  in  a  blaze  ;  the  scene  was 
so  frightful  that  many  people  believed,  in  their  terror,  that  the  Last  Day 
was  at  hand.  No  one  thought  of  saving  any  of  their  possessions ;  the 
only  thought  was  to  escape  by  getting  into  the  river.  About  eight 
o'clock  at  night  the  wind,  which  had  been  blowing  straight  for  Pem- 
broke, calmed  down,  and  the  town  was  saved.  At  four  in  the  after- 
noon the  smoke  was  so  dense  that  the  people  were  almost  on  the  point 
of  sufibcation,  and  it  was  so  dark  that  no  one  could  see  across  the 
street.  All  describe  the  scene  as  a  most  frightful  one.  We  have 
heard  of  thirty  families  burnt  out,  and  who  narrowly  escaped  with 
their  lives.  Our  correspondent  says,  that  the  sound  of  .the  roaring 
flames  actually  shook  the  ground,  and  the  noise  of  the  falling  trees 
was  like  the  rattling  of  a  line  of  heavy  wagons  over  a  corduroy  road; 
the  country  about  is  half  ruined,  and  a  number  of  bridges  have  been 
burned.     We  are  promised  further  particulars." 

Such  were  the  appearances  within  60  miles  of  the  conflagration, 
and  the  distance  from  Pembroke  to  St.  Martin's  is  not  less  than  200 
miles.  Burnt  leaves  and  ashes  were  picked  up  in  Montreal,  and 
the  amount  of  ashes  in  this  neighborhood  was  very  considerable. 

The  peculiar  appearance  of  the  atmosphere  at  this  place  was  caused 
no  doubt  by  the  interception  of  the  solar  rays  by  dense  haze,  con- 
sisting of  smoke  and  vapor.  The  white  light  was  absorbed,  giving 
rise  to  the  predominant  yellow  ray.  The  green  flelds  were  of  a  blu- 
ish tint.  It  would  seem  that  it  was  only  the  light  ray  that  was  inter- 
cepted. The  calorific  ray  does  not  seem  to  have  at  all  absorbed,  for 
there  was  no  fall  of  the  thermometer ;  in  fact,  the  heat  was  oppressive. 
The  chemical  or  actinic  ray  seems  also  to  have  retained  its  action, 
for  chromatype  paper  exposed  was  easily  acted  upon,  as  was  also  pa^ 
per  wetted  with  the  solution  of  nitrate  of  silver.  I  had  no  opportunity 
of  examination  with  the  polariscope;  the  prismatic  spectrum  was  defi- 
cient in  the  yellow  ray.  I  may  remark,  that  a  very  violent  storm  of 
thunder  and  lightning  occurred  on  the  following  morning. 


PART  II. 

NATURAL  HISTORY. 


I.    GEOLOGY  AND    GEOGRAPHY. 

1.  Plan  of  Development  in  the  Geological  History  op 
North  America.  —  With  a  Map.  By  Propessor  James  D. 
Dana,  of  New  Haven. 

On  other  occasions,  I  have  discussed  at  some  length,  the  outline  and 
sur&ce  features  of  the  continents,  the  parallel  courses  of  island  groups, 
and  the  relations  between  the  structure  of  the  continental  borders  and 
the  extent  of  the  adjoining  oceans ;  and  I  have  endeavored  in  connec- 
tioo  to  elucidate  the  great  principle  of  geological  dynamics,  which  is  at 
the  basis  of  these  characteristics  of  our  globe.*  I  propose  at  this  time 
to  point  out  the  relations  between  the  operations  of  this  principle  or 
sgencj  and  the  special  geological  history  of  the  North  American  con- 
tineot. 

To  render  this  application  of  the  subject  intelligible,  it  is  necessary 
to  review  briefly  the  fundamental  facts  just  alluded  to.  For  this  pur- 
pose, I  would  direct  attention  to  a  Mercator's  Chart  of  the  World  (see 
plate),  on  which  the  whole  is  open  to  examination,  —  such  a  chart  being 
a  miniature  representation  of  the  facts  themselves,  and  the  order  ob- 
served among  its  parts,  the  syllables  which  spell  out  the  principles. 

•  Am.  Jour.  ScL,  [2],  ii.  335,  352,  iii.  94,  176,  381,  iv.  88;  Report,  Geol.  Expl. 
£zped.,  756  pp.  4to.,  1849,  pp.  11,  414,  429 ;  Proceedings  Amer.  Assoc,  vol.  ix. 
Pioridenoe  Meeting,  1855. 

(1) 
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In  the  first  place,  note  the  two  great  oceans,  the  Atlantic  and  the 
Pacific,  —  both  widening  south,  and  coalescing  in  a  vast  ring  of  ocean 
around  the  south  pole,  while  narrowing  north  and  uniting  in  a  small 
arctic  sea.  The  Indian  Ocean  is  a  third  north  and  south  ocean ;  but  it 
reaches  north  only  a  little  wajs  beyond  the  equator. 

As  the  Atlantic  is  less  than  half  the  breadth  of  the  Pacific,  so  the 
American  continent  is  less  than  half  the  breadth  of  the  great  Orient, 
including  Europe,  Asia,  and  Africa.  It  is  seen  also  that  while  the 
North  Atlantic  trends  off  to  the  north-east,  and  the  whole  Atlantic  is  a 
zigzag  channel  with  a  main  north-^ast  course,  the  Pacific  is  a  norik-ipeii 
channel,  its  longest  diameter  (represented  by  the  line  M  M),  being  at 
right  angles  nearly  with  the  trend  of  the  Atlantic  (N  N).  This  longest 
diameter,  moreover,  corresponds  with  the  general  trend  of  the  Pacific 
islands ;  for  these  islands  have  a  nearly  parallel  course  all  through  the 
ocean,  the  New  Hebrides,  Kingsmills,  Samoan,  Tahitian,  Marquesaif 
and  Sandwich  islands,  lying  in  approximately  parallel  lines.*     In  the 


♦  I  may  here  add,  what  I  have  elsewhere  explained  at  length,  that  the  trends  of 
the  Pacific,  while  having  a  general  correspondence  of  direction,  pertain  to  two  sj^ 
terns,  one  the  Central  Pacific,  the  other  the  Aostnilasian.  The  Central  Pacific 
begins  in  the  Panmotn  Archipelago,  or  rather  still  farther  east,  in  Easter  Island  and 
Gomez ;  is  thence  continued  on  a  west-north-west  coarse,  by  the  Society  Islands,  aai 
the  Herrey  Islands  more  south ;  thence  by  the  Samoan  and  Fakaafo  groups ;  theaoe 
more  north-westerly  by  the  Yaitupn  and  Kingsmills,  to  the  Kadack  and  Balid 
groups,  which  run  nearly  north-north-west ;  making  thus  a  great  sweeping  curre,  of 
seyeral  strands,  over  6,000  miles  long.  The  Sandwich  or  Hawaian  islands  on  the 
north  side  of  the  equator  (2,000  miles  in  whole  length)  is  the  opposite  or  nordiaii 
side  of  the  same  system,  slightly  curving  with  the  convexity  to  the  north :  while  the 
Marquesas  and  the  Fanning  or  Washington  group  lie  along  the  axis  of  titaa  giett 
Central  Pacific  area.  The  other  system  is  concentric  around  Australia,  (New  Hol- 
land). The  line  of  New  Hebrides,  near  north-west  in  course,  is  continued  in  tfae 
Salomon  Islands,  and  New  Ireland,  becoming  gradually  east  and  west  in  the  Admi- 
ralty Islands,  north  of  New  Guinea.  The  line  of  New  Caledonia,  another  earring 
strand  in  the  system,  is  continued  in  the  Louisiade  group  and  New  Guinea,  and 
becomes  east  and  west  in  western  New  Guinea.  The  foot  oi  the  New  Zealand  bool, 
and  the  Coral  Archipelago  between  New  Caledonia  and  Australia,  accord  with  the 
system.  The  position  of  these  lines  concentric  around  Australia  corresponds  with  the 
idea  that  the  position  and  extent  of  this  continent  has  had  some  influence  in  deter- 
mining the  directions. 

These  two  systems,  the  Central  Pacific  and  Amstralasiao,  though  so  distinct,  an 
yet  bound  together  in  one.    For  while  the  great  o^tral  range  has  its  main  ooone 


GEOLOOT.  8 

bodj  of  New  Zealand,  however,  and  some  other  parts,  the  transverse 
trend  of  Eastern  America  Is  represented. 

Now  what  is  the  rektion  between  the  borders  of  the  continents  as  to 
features  and  structure,  and  the  extent  of  the  oceans  ? 

1.  Look  first  to  North  America.  Observe  the  general  direction  of 
^e  coast  conforming  to  the  prevalent  trends  of  the  globe,  the  north- 
east and  north-west,  and  thus  giving  it  its  triangular  form.  See  the 
low  Appalachians  facing  the  small  Atlantic,  the  lofty  Rockj  Mountains, 
mostly  a  double  line  of  heights,  facing  the  hroad  Pacific,  besides  a  sec- 
ond towering  range,  the  Cascade  and  Sierra  Nevada,  nearer  the  sea. 
May  we  not  say,  As  the  height  of  the  Appalaehittns  to  the  size  of  the 
Atlantic,  so  is  the  height  or  extent  of  the  Rocky  range  to  the  size  of  the 
Pacific^ 

In  South  America,  there  is  the  same  relation,  —  the  low  Brazilian 
moonttdns  on  the  Atlantic  side,  the  lofty  Andes  on  the  Pacific,  and  the 
latter  exceeding  the  Rocky  Mountains  as  much  as  the  South  Pacific 
exceeds  the  North  Pacific ;  so  that  we  may  make  another  proportion, 
As  the  height  of  the  Rocky  Mountains  to  the  North  Pacificj  so  is  the 
height  and  boldness  of  the  Andes  to  the  South  Pacific. 

In  the  Orient,  the  mountains  towards  the  Atlantic,  or  those  of  Eu- 
rope, are  low  and  limited,  compared  with  the  long  and  lofty  ranges  of 
the  Pacific  side;  and  these  last  are  inferior  to  the  Himalayas,  the 
sublimest  heights  of  the  world,  which  face  the  Indian  Ocean,  —  a  large 
and  open  ocean,  while  the  Pacific  towards  Asia  is  much  encumbered 
by  islands. 

In  Africa,  the  loftiest  and  longest  momitains  are  those  of  Abyssinia, 
on  the  east,  facing  the  Indian  Ocean,  some  of  whose  ridges  are  eleven 
to  fourteen  thousand  feet  in  height,  and  one  peak  near  the  equator  is 
20,000  feet.  In  Australia,  the  Australian  Alps,  as  they  are  called,  are 
on  the  east  fronting  the  Pacific,  here  the  wider  of  the  bordering  oceans. 


aloiig  the  Kingsmills  and  Radack  groups,  it  sends  off  at  the  Kingsmills,  a  western 
brandi,  the  Carolines,  which  is  actually  parallel  widi  the  lines  of  the  Australasian 
system. 

The  transTerse  trend  of  New  Zealand^  which  is  continued  in  the  Friendlj  Islands 
north,  18  the  correlate  of  the  north-western,  the  two  having  a  mutual  dependence, 
and  together  distinguishable  in  many  groups  of  islands  as  well  as  in  the  features  o 
the  continents. 
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Thus  all  over  the  world,  the  highest  mountains  stand  fronting  tbe 
largest  and  deepest  oceans ;  and  the  ^  rule  of  three  "  statement  of  the 
fact  scarcely  conveys  a  wrong  impression. 

2.  We  observe  further  that  the  coasts  are  in  general  so  tamed  as  to 
face  the  widest  range  of  ocean.  The  Appalachians  with  the  neighboring 
coast  do  not  face  north-east  towards  the  European  continent,  but  south- 
east, towards  the  great  opening  of  the  Atlantic  between  America  and 
Africa.  So  on  the  west  side  of  North  America  the  Padfic  coast  &oe% 
not  towards  Asia,  but  south-west,  where  the  broadest  range  of  ocean  is 
before  it 

d.  Consider  now  a  little  more  closely  the  structure  of  these  ocean 
borders.     How  is  it  as  to  the  effects  of  heat  or  volcanic  action  ? 

In  North  America,  on  the  side  of  the  imaU  ocean,  the  Atlantic,  we 
find  metamorphic  rocks,  some  trap  dykes,  and  a  few  tepid  springs.  On 
the  side  of  the  great  ocean,  the  Pacific,  all  these  phenomena  occur,  and 
besides,  some  of  the  grandest  volcanoes  of  the  globe,  while  basaltie 
floods  have  buried  out  of  sight  almost  all  other  rocks  over  a  consid^ 
able  part  of  the  country.  Mount  St  Helens,  Mount  Hood,  Moont 
Shasta,  and  many  others,  twelve  to  eighteen  thousand  feet  high,  make 
a  majestic  file  of  fire  mountains  not  yet  wholly  extinct  May  we  not 
then  say.  As  the  size  of  the  Atlantic  to  the  action  of  heat  on  the  AtiofUie 
border^  so  is  the  size  of  the  Pacific  to  the  action  of  heat  on  the  Pacifi 
border f 

In  South  America,  there  is  a  direct  repetition  of  the  same  facts  on  a 
still  grander  scale :  the  Brazilian  side,  with  metamorphic  rocks  and  do 
volcanoes ;  the  Pacific  side,  with  volcanic  heights  of  20,000  feet  and 
upward. 

In  the  Orient,  there  are  some  small  volcanic  operations  on  the  At- 
lantic side;  but  an  unnumbered  host  down  through  Kamtschatka, 
Japan,  and  the  islands  south  on  the  Pacific  side. 

In  Africa,  there  are  great  volcanoes  in  the  Red  Sea  and  the  bfif 
Abyssinian  mountains,  and  only  a  few  on  the  east,  in  the  Gulf  of  Guinea} 
where,  in  fact,  the  continent  opens  on  the  Southern  Ocean  and  not 
simply  on  the  narrow  Atlantic ;  the  volcanoes  are  at  the  junction  of  the 
two  lines,  in  or  near  the  Bight  of  Biafr£. 

4.  Again,  these  effects  of  heat  are  confined  mostly  to  the  region 
between  the  crest  of  the  border  mountains  and  the  ocean,  and  are  most 
intense  towards  the  coast  line.    Thus  the  crystallization  or  metamo^ 
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phism  of  Eastern  North  America,  from  Labrador  to  Greorgia,  is  strongly 
marked  towards  the  ocean,  and  diminishes  going  westward.  So  on  the 
Pacific  side :  the  great  volcanoes  are  not  on  the  east  or  landward  side 
of  the  crest,  for  there  is  not  a  volcano  on  that  side,  but  on  the  seaward 
Bide,  and  not  very  far  from  the  ocean.  Thus  we  maj  almost  say,  The 
nearer  the  water y  the  hotter  the  fire, 

5.  Again,  the  mountains  that  make  the  borders,  consist  as  is  now 
w«Il  known  since  the  surveys  of  the  Professors  Rogers,  of  rocks  that 
have  been  pressed  up  out  oi  place  into  a  series  of  immense  folds,  like 
the  folds  we  may  make  in  paper  by  pressing  laterally ;  only  the  rocky 
folds  are  many  miles  in  range  and  of  mountain  height ;  and  these  folds 
or  plications  and  displacements  are  most  numerous  towards  the  ocean, 
aiHi  are  parallel  nearly  to  the  ocean.  Hence  again.  The  nearer  the 
water,  the  vaster  the  plications  of  the  rocks. 

6.  Over  the  interior  of  North  America,  there  are  not  only  no  vol- 
canoes, but  there  never  have  been  any  since  the  earlier  Silurian,  as 
shown  by  the  absence  of  their  remains  among  the  strata ;  and  this  is  so, 
notwithstanding  the  abundance  of  salt  water  over  the  regions  in  those 
ancient  times.  Over  the  interior  of  Asia  there  are  no  volcanoes,  as  is 
well  known,  except  the  three  or  four  in  the  Thian-Cban  Mountains. 
The  great  volcanic  belt  of  the  Orient  stands  out  a  short  distance  from 
the  water-line  of  Asia,  in  the  Japan  range  of  islands,  thus  directly  edg- 
ing the  oceanic  basin ;  for  the  intervening  region  of  shallow  waters  is 
properly  a  submerged  part  of  the  continent 

7.  In  contrast  with  this  non-volcanic  character  of  the  interior  of  the 
continents,  the  islands  of  the  oceans,  it  should  be  remembered,  are  all 
Tolcanic  where  not  coral,  and  those  of  coral  probably  rest  on  a  volcanic 
bads.  Dhawalagiri,  in  the  Himalayas,  28,000  feet  high,  is  granitic ; 
and  surely  we  might  have  looked  for  some  granitic  peaks  among  the 
central  islands  of  the  oceans :  but  there  are  none. 

At  the  same  time,  as  others  have  remarked,  the  transverse  seas  which 
divide  the  Northern  and  Southern  continents,  the  East  Indies,  the  Med- 
iterraneauy  and  West  Indies,  are  characterized  by  volcanoes. 

If,  then,  the  typical  form  of  a  continent  is  a  trough  or  basin,  the 
oceanic  borders  being  raised  into  mountains ;  if  these  borders  are  so 
tnmed  as  to  face  the  widest  range  of  ocean ;  if  the  height  of  these  bor- 
der mountains  and  the  extent  of  igneous  action  along  them  is  directly 
proportioned  to  the  sise  of  the  oceans,  —  the  Pacific,  accordingly,  being 
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girt  with  great  Tolcanoes  and  lofty  mountains,  while  the  narrow  Atlintic 
is  bounded  by  smaller  heights  and  but  few  volcanoes ;  if,  moreorer, 
volcanoes  characterise  the  islands  of  mid-ocean  and  not  the  interior  of 
the  continents :  Wiiat  is  the  legitimate  inference  ? 

Most  plainly,  that  the  extent  and  positions  of  the  oceanic  depreasioiis 
have  some  way  determined,  in  a  great  degree,  the  features  of  the  land; 
that  the  same  cause  which  originated  the  one,  impressed  peculiarities 
on  the  other;  that  the  two  had  a  parallel  history  through  past  time,— 
the  oceanic  depressions  tending  downward,  the  continents  upward;  in 
other  words,  that  they  have  both  been  in  progress  with  mutual  reactioa 
from  the  beginning  of  the  earth's  refrigeration.  The  continents  haTe 
always  been  the  more  elevated  land  of  the  crust,  and  the  oceanic  basins 
alwayrt  basins,  or  the  more  depressed  land. 

We  thence  learn  that  the  profounder  features  of  the  earth  were 
marked  out  in  the  earliest  beginnings  of  geological  history,  and  thit 
the  whole  subsequent  progress  has  been  a  working  on  this  basis. 
Other  and  more  direct  evidence  of  tbis  fact  I  alluded  to  in  my  address 
before  this  association  last  year,  —  evidence  derived  from  the  extent 
and  nature  of  the  Potsdam  sandstone,  the  earliest  of  the  Silurian 
Strata,  showing  that  this  primal  rock  was  laid  down  over  a  large  part 
of  North  America  by  a  sea  which  just  bathed  its  surface,  —  thus  prov- 
ing that  the  continent  was  already  made,  and  indicating  in  part  its 
water  leveL 

The  relation  between  the  extent  of  the  oceans  and  the  border  features 
of  the  continents,  which  has  been  pointed  out,  is  not  simply  a  relatioa 
of  fact,  but  of  effect  and  dynamics,  pointing  to  a  unity  of  cause.  The 
one  cause  is  assuredly  not  in  the  waters  oi  the  oceans,  for  these  are 
inert :  they  cannot  bake  rocks,  light  up  volcanoes,  fold  the  heavy  strata, 
and  make  mountains.  The  cause  is  no  paroxysmal  force,  exhausted  in 
a  temporary  freak  of  nature.  It  is  some  profound,  systenuitic,  untii^ 
ing  force,  which,  in  its  slow  movement,  has  counted  centuries  as  if 
seconds.  The  Appalachian  range  is  one  mark  of  its  power ;  but  not 
the  result  of  a  fitful  heave :  on  the  contrary,  a  work  of  time,  and  time 
so  long,  that  the  resisting  strata  could  bend  in  many  plications  without 
being  reduced  to  chaos ;  so  long,  that  New  England  and  regions  south, 
which  entered  the  period  of  catastrophe  as  a  territory  of  sedimentary 
beds,  came  forth  at  last  a  region  of  granite,  gneiss,  and  crystalline 
chists.    Most  of  the  mountains  of  the  globe,  for  the  reasons  stated, 
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After  this  review  of  priDciples,  let  us  now  turn  our  attention  to 
North  America  and  seek  out  its  plan  of  development. 

I.  The  triangular  form  of  the  continent  has  been  noted  and  its  sim- 
ple ocean  boundary :  and  it  should  be  observed  that  the  continent  is 
set  quite  to  the  west  of  South  America,  so  as  to  possess  this  simplicity 
of  boundary  and  therefore  of  moulding  forces  in  its  highest  perfection.* 
The  small  Atlantic  on  one  side,  and  the  great  Pacific  on  the  other,  in- 
dicate approximately  the  relative  amounts  of  force  from  the  two  direc- 
tions, the  south-east  and  south-west,  during  the  progressive  ages  of  the 
history ;  —  that  to  the  eastward  the  power  was  comparatively  moderate, 
gently  folding  up  the  Appalachians,  and  to  the  westward  it  was  strong 
and  mighty,  even  to  the  raising  of  the  Rocky  range  and  opening  the 
great  volcanoes  of  Oregon.  We  thus  learn,  with  a  degree  of  precision 
not  to  have  been  anticipated,  the  direction  and  efficiency  of  the  great 
organizing  forces. 

Glance  now  at  American  geological  history  from  this  point  of  view, 
and  consider  where  was  the  first  germinant  spot  of  the  growing  conti- 
nent, and  what  was  thence  onward  the  course  of  development  under 
the  influence  of  this  agency. 

The  earliest  spot  or  primal  area  will  be  that  of  the  Azoic  rocks,  the 
first  in  the  geological  series.  Such  an  area  (see  Chart,  A  A  A)  extends 
from  Northern  New  York  and  Canada,  north-west  to  the  Arctic  Ocean, 
lying  between  the  line  of  small  lakes  (Slave,  Winnipeg,  etc)  and 
Hudson  Bay.  East  and  west,  it  dips  under  Silurian  strata  (S  S)  ;  but 
it  is  itself  free  from  superincumbent  beds,  and  therefore,  even  in  the 
Silurian  age,  it  must  have  been  above  the  ocean.  And  ever  since,  al- 
though subject,  like  the  rest  of  the  world,  to  great  oscillations,  it  has 
apparently  held  its  place  with  wonderful  stability,  for  it  is  now,  as 
probably  then,  not  far  above  the  ocean's  level. 

This  area  is  central  to  the  continent ;  and,  what  is  of  prominent  in- 
terest, it  lies  parallel  to  the  Rocky  Mountains  and  the  Pacific  border, 
thus  proving  that  the  greater  force  came  from  that  direction  in  Azoic 
times,  as  well  as  when  the  Rocky  Mountains  were  raised.  Thus  this 
first  land,  the  germ  or  nucleus  of  the  future  continent,  bears  in  itself 


*  The  contrast  with  Europe  in  this  respect  is  striking,  and  accounts,  as  I  have 
said,  (Address,  &c.,  Proc.  Amer.  Assoc,  vol.  iz.  p.  10,  30,)  for  the  greater  simplicity 
of  North  American  Geology. 
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evidence  with  respect  to  the  direction  and  strength  of  the  forces  at 
work.  The  force  coming  from  the  Atlantic  direction  has  left  comparft- 
Uvelj  small  traces  of  its  action  at  that  time.  Yet  it  has  made  its  mark 
in  the  A^oic  stretching  through  Canada  to  Labrador,  in  the  dip  and 
strike  of  the  New  York  Aaoic  rocks,  in  the  direction  of  the  channel 
of  the  St.  Lawrence  and  the  north-west  coast  of  Lake  Superior,  as 
well  as  the  bearings  of  the  Azoic  of  Missouri  and  Arkansas,  and 
probably  also  in  the  triangular  form  of  Hudson's  Bay.  Against  thk 
primal  area,  as  a  stand-point,  the  uplifting  agency  operated,  acting  fixHn 
the  two  directions^  the  Atlantic  and  the  Pacific ;  and  the  evolution  of 
the  continent  took  place  through  the  consequent  vibrations  of  the  crust, 
and  the  additions  to  this  area  thereby  resulting ;  the  ocean  in  the  mesn 
time  pursuing  its  appointed  functions  in  the  plan  of  development,  by 
wearing  exposed  rocks  and  strewing  the  shores  and  submerged  surface 
with  sand,  gravel,  or  clay,  or  else  growing  shells,  corals,  and  crinmc^ 
and  thus  storing  up  the  material  of  strata  and  burying  the  life  of  suc- 
cessive epochs. 

These  long  secular  vibrations,  movements  by  the  age  rather  than 
day,  dipping  the  surface  and  raising  it  again  in  many  and  varying  suc- 
cessions, were  absolutely  essential  to  the  progress.  Had  the  continent 
been  stable,  there  could  have  been  no  history,  no  recorded  events  of 
dianging  Ufe  and  alternating  deposits :  all  would  have  been  only  a 
blank  past  These  forces,  therefore,  working  mainly  from  the  south- 
east and  south-west,  were  actually  organizing  forces,  essential  to  the 
completion  of  the  continent,  —  to  the  production  of  its  alternations  d 
limestones,  shales,  sandstones,  and  conglomerates,  and  its  sweeping 
catastrophes  burying  the  old,  preparatory  for  higher,  forms  of  life; — the 
continent  in  the  course  of  these  movements,  being  at  one  time,  it  maj 
be,  just  beneath  the  ocean's  surface,  and  having  beds  of  sand  and  gravd 
accumulating  under  the  action  of  the  waves ;  then  in  somewhat  deeper 
and  clearer  waters,  with  limestones  forming  from  coral  or  crinoidal 
plantations  or  the  growth  of  shells;  then,  perhaps,  rising  from  the 
waves,  bringing  death  upon  its  sea  tribes  in  one  universal  desolation; 
then,  sinking  slowly  in  the  waters  again,  and  varying  in  its  accnmuk' 
tioiis  from  sandstones  to  shales,  pebble  beds  or  limestones,  with  the 
depth  and  the  currents;  and  then  again  above  the  tides,  although 
destruction  to  all  the  life  of  the  ocean  was  in  the  movement ;  and,  per- 
chance, lying  in  the  open  air  for  an  era,  to  receive  the  mists  and  rains 
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and  sooshine,  and  become  luxuriant  through  new  creations  with  broader 
prairies  than  now  cover  the  West  Alternations  like  these  were  again 
and  again  repeated,  as  geology  has  shown. 

Through  these  means,  the  continent,  which  was  begun  at  the  far 
North,  a  region  then  tropical  but  afterwards  to  become  inhospitable, 
graduallj  expanded  southward,  area  after  area  as  time  moved  on  being 
added  to  the  dry  land. 

First,  as  the  facts  show,  the  Silurian  deposits  of  Canada  and  the 
North,  adjoining  the  Azoic,  were  left  above  the  sea,  for  these  rocks 
there  are  not  overlaid  by  later  beds ;  and,  therefore,  were  not  the  sea- 
hottom  of  later  seas.  Next,  the  adjacent  Devonian  were  added  to  the 
maiD  land  as  far  south  as  Southern  New  York  and  around  by  the  west; 
for,  as  the  New  York  geologists  have  shown,  the  carboniferous  beds 
which  come  next  do  not  reach  into  that  State.  By  the  time  of  the 
Jurassic  period,  the  continent  had  expanded  much  farther  to  the  south- 
ward, for  the  carboniferous  rocks  over  the  land  were  out  of  water,  their 
heds  having  already  been  folded  up  and  elevated  in  the  Appalachians. 
The  red  sandstone  of  the  Connecticut  Valley  and  of  the  Atlantic  States 
from  New  York  to  Alabama  leave  little  doubt  as  to  the  water-line  of 
that  era.  In  the  Cretaceous  period  the  continent  had  farther  expanded 
along  the  Atlantic ;  but  in  the  Mississippi  Valley  the  Mexican  Gulf 
Btill  extended  north  even  to  the  head  waters  of  the  Missouri.  Next, 
as  the  Tertiary  opened,  the  continent  had  yet  more  widely  enlarged  its 
boands,  south  and  south-east ;  and  if  the  waters  of  the  Mexican  Gulf 
for  a  while  claimed  a  place  over  some  part  of  the  Nebraska  plains,  as 
late  observations  suggest,  by  the  close  of  the  period  the  continent  in 
this  direction  had  nearly  reached  its  full  maturity.  These  steps  of 
progress  are  indelibly  marked  in  the  position,  and  obvious  sea-coast, 
off-shore,  or  estuary  origin  of  the  Jurassic,  Cretaceous,  and  Tertiary 
beds  of  the  country. 

Passing  towards  the  Pacific,  we  find  evidence  in  the  carboniferous 
limestone  that  the  Rocky  Mountains  were  mostly  under  shallow  water 
as  the  Carboniferous  age  opened,  the  mountains  themselves  unborn. 
Later  in  the  Cretaceous  and  Tertiary  periods,  as  the  rocks  towards 
the  coast  testify,  the  continent  had  extended  far  to  the  south-west^  and 
was  nearly  complete  in  that  direction,  as  well  as  to  the  south  and  south- 
east 

Thus  the  enlargement  went  on  to  the  southward,  each  period  making 
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some  addition  to  the  mainland,  as  each  year  gives  a  lajer  of  wood  to 
the  tree.  Not  that  this  addition  was  free  from  oscillations,  causing  sub- 
mergences, for  these  continued  long  to  occur ;  but  the  gain,  on  the 
whole,  was  a  gain  —  a  progress ;  and  the  moving  ages  made  the  acces- 
sion a  sure  and  permanent  gain  as  the  continent  became  more  stable. 

11.  But  in  the  statement  that  the  growth  of  the  continent  was  to  Che 
south,  south-east,  and  south-west,  we  assert  only  the  most  general  Unth 
respecting  it.  The  continent  has  its  special  features  as  much  as  anj 
being  of  organic  growth,  and  the  elimination  of  these  features  is  to  be 
traced  to  the  same  system  of  forces.  The  Appalachian  range  on  the 
east,  the  Rocky  Mountains  and  the  subordinate  chains  on  the  west,  the 
lower  lands  and  lakes  of  the  interior,  all  in  a  systematic  relation,  are 
the  more  marked  of  these  features ;  and  the  vast  river  systems,  with 
the  broad  alluvial  flats  and  terraced  plains,  the  wide  spread  drift,  the 
denuded  heights  and  channelled  slopes  and  lowlands,  are  subordinate 
peculiarities  of  the  face  of  the  continent 

The  Appalachian  range  of  heights,  as  I  explained  a  year  since,  wta 
commenced  in  the  Silurian  age,  and  even  earlier  long  before  a  trace  of 
the  mountains  had  appeared.*     The  force  from  the  south-east,  in  the 
dawn  of  the  Palasozoic  era,  had  made  the  Appalachian  region  generally 
shallower  than  the  Mississippi  Valley  beyond.     The  vast  sandstone  and 
shale  deposits  of  the  region  bear  marks  in  many  parts  of  sea-shore 
action,  while  the  limestones  which  were  forming  contemporaneously 
farther  west,  indicate  clearer  and  somewhat  deeper  s^as ;  and  the  patch 
of  Azoic  in  Northern  New  York,  lying  at  the  northern  extremity  of 
part  of  the  range,  points  to  an  anterior  stage  in  the  same  course  of  his- 
tory; so  that,  in  early  time,  long  before  there  were  mountains,  the 
future  of  the  continent,  its  low  centre  and  high  borders,  was  fore- 
shadowed.    We  can  hardly  doubt  that  the  region  of  the  Rocky  Moun- 
tains was  in  the  same  condition,  in  the  main,  with  that  of  the  Appa- 
lachians.   Moreover,  these  borders,  or  at  least  the  eastern,  for  ages 
anterior  to  the  making  of  the  mountains,  were  subject  to  vastly  greater 
oscillations  than  the  interior ;  for  the  Silurian  and  Devonian  sandstones 
that  occur  along  from  New  York  to  Alabama  are  of  great  thickness, 
being  fi?e  times  as  thick  as  the  limestones  and  associated  deposits  of 


*  Address,  &c,,  see  note  page  (9). 


OEOLOor.  18 

the  same  age  to  the  west  A  limestone  bed,  moreover,  is  of  itself 
evidence  of  comparatively  little  oscillation  of  level  during  its  pro- 
gress. 

We  hence  learn  that  in  the  evolution  of  the  continental  germ,  after 
the  appearance  of  the  Azoic  nucleus,  there  were  two  prominent  lines 
of  development ;  one  along  the  Appalachian  region,  the  other  along  the 
Rocky  Mountain  region  —  one,  therefore,  parallel  with  either  ocean. 
Landward,  beyond  each  of  these  developing  areas,  there  was  a  great 
trough  or  channel  of  deeper  ocean  waters,  separating  either  from  the 
Azoic  area. 

The  Azoic,  as  has  been  indicated,  has  something  of  a  Y  shape,  (or 
\,)  with  Hudson  Bay  between  its  arms.  This  succeeding  step  of 
progress  is  the  partial  development  of  a  larger  Y  outside  of  and  parallel 
to  the  Azoic  nucleus.  The  channels  alluded  to  lie  between  the  two 
Ys.  The  bar  of  the  outer  Y  on  the  left  is  of  great  breadth  and 
made  up  of  several  broad  parallel  bands  or  ranges  of  elevations ;  that 
on  the  right  is  quite  narrow  comparatively,  yet  also  etched  in  several 
parallel  lines. 

The  Mexican  Gulf  is  all  that  remains  of  the  larger  of  these  chan- 
Bels.  Its  waters  once  stretched  to  the  Arctic  Sea,  and  were  in  early 
time  but  the  deeper  part  of  the  continental  ocean.  Later,  as  the  ages 
moved  on,  there  was  land  to  the  north,  and  a  line  of  fresh-water  lakes 
along  its  former  course ;  and  the  gulf  reached  no  higher  than  the  head 
waters  of  the  Missouri.  Later  still,  and  its  limits  became  more  con- 
tracted, tin  now  the  full-grown  continent  has  but  her  foot  in  the  salt 
water. 

The  Gulf  of  St.  Lawrence  marks  the  outlet  of  the  other  channel, 
and  the  River  St.  Lawrence  its  course.  The  great  lakes,  as  well  as 
the  smaller  lakes  north,  lie  near  the  limits  of  the  Azoic  nucleus  within 
these  ancient  troughs  or  depressions;  and  the  largest  lake,  Lake  Supe- 
rior, is  at  the  junction  of  the  two  lines. 

Such  was  tlie  law  of  growth.  The  molecular  forces  beneath  the  con- 
tinent, from  the  progressive  cooling  there  going  on,  were  not  idle,  and 
must  have  modified  the  results.  But  the  main  action  causing  the  lift- 
ing and  sinking  of  the  crust  and  the  final  gain  to  the  land,  proceeded 
from  the  directions  of  the  oceans.  The  inequality  in  the  forces  from 
the  two  directions,  as  well  as  in  the  form  and  depth  of  each  oceanic  or 
subsiding  area  whence  the  forces  mainly  came,  would  necessarily  have 

(2) 
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produced  many  irregularities  in  the  results,  as  I  have  remarked  in 
another  place,*  and  will  not  now  dwell  upon. 

The  Pacific  region  has  always  been  true  to  its  own  grandeur.  The 
force  from  that  direction  not  only  made  the  Rocky  Mountains  to  rise 
and  a  file  of  lofty  volcanoes  to  light  np  its  waters,  (while  the  most  the 
gentler  Atlantic  could  accomplish  was  a  bending  up  of  the  strata  into 
Appalachians,  and  a  baking  of  some  of  the  beds,)  but  it  also  added 
tenfold  the  most  dry  land  to  the  continent ;  and  even  after  the  Tertiary 
rocks  were  deposited,  it  elevated  the  continental  border  at  least  two  or 
three  thousand  feet,  —  ten  times  beyond  what  happened  on  the  Atlantic 
side.f 

But  look  further,  and  consider  that  the  great  lines  of  elevation  on 
the  Pacific  side  are  parallel  nearly  to  the  islands  of  the  ocean ;  that 
these  islands  are  like  a  long  train  stretching  off  from  Asia  to  the  east- 
south-east  ;  that  New  Hebrides,  New  Caledonia  in  the  south-west,  with 
the  foot  of  the  New  Zealand  boot  and  North-western  Australia,  con- 
form to  the  general  parallelism ;  and  it  will  then  be  comprehended  that 
we  have  been  considering  not  simply  a  continental  system  of  progress, 
but  one  involving  the  whole  globe.  It  appears  also  from  the  history 
of  the  coral  islands  of  the  Pacific,  that  while  the  Tertiary  and  Post- 
tertiary  elevations  were  going  forward  on  the  Pacific  border  of  North 
America,  a  slow  and  gradual  subsidence  was  in  progress  over  a  parallel 
region  across  the  middle  of  the  ocean.  The  axis  line  of  the  Pacific 
is  not  only  the  main  trend  of  its  lands,  but  is  also  nearly  the  course 
of  the  great  subsidence  which  is  indicated  by  the  history  of  the  coral 
islands.} 


*  Amcr.  Jour.  Sci.  [2],  toI.  iii. 

t  Whatever  doubts  maj  exist  as  to  the  cause,  there  can  be  none  as  to  the  actu- 
ality of  the  force  on  the  two  sides,  the  Atlantic  and  the  Pacific.  The  eleraiion  of 
the  mountains  on  each  border  is  proof  beyond  question ;  and  their  relative  extent 
and  height  is  evidence  indubitable  as  to  the  relative  amounts  of  force  exerted.  The 
parallel  folds  on  the  Atlantic  side  show  that  there  it  was  actually  lateral  force  from 
the  soutli-cast ;  and  the  several  parallel  ranges  on  the  Pacific  side,  parallel  to  the 
ocean,  are  proofs  of  similar  lateral  action  there,  but  from  the  south-west.  Then  the 
dominance  of  these  two  trends  in  the  uplifts  over  the  whole  continent  in  its  oldest 
and  newest  regions  and  rocks,  are  like  the  warp  and  woof  of  a  fabric,  determined  by 
the  organizing  forces  themselves  of  the  structure. 

X  Amer.  Jour.  Sci.  vol.  xlv.,  (1843,)  131,  and  [2],  iii.  396,  (1847).    One  conje- 
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III.  I  have  said  that  these  two  systems  offerees — the  south-east 
and  south-west  —  continued  to  act  through  the  Tertiary  period,  work- 
ing out  the  continent,  and  bringing  it  nearly  to  its  adult  extent  At 
the  meeting  of  this  Association  at  Providence  I  pointed  out  the  fact 
that  at  the  close  of  the  Tertiary  there  was  a  change  in  the  movement ; 
that  during  the  following  period,  the  Post-tertiary,  there  were  high- 
latitude  oscillations ;  and  I  endeavored  to  show,  that  there  was  first  an 
elevation  of  the  continent  over  the  north  for  the  first,  or  glacial  epoch  ; 
then  a  subsidence  (as  shown  by  the  sea-shore  deposits  on  Lake  Cham- 
plain,  and  the  highest  terrace  of  the  lakes  and  rivers)  during  a  second 
or  Laurentian  epoch ;  and  finally,  an  elevation  to  its  present  height, 
for  the  third  or  Terrace  epoch.  Whether  tlie  elevation  for  the  Drift 
epoch  be  admitted  or  not,  all  agree  that  the  oscillation  attending  it 
was  a  northern  phenomenon.  These  several  changes  thus  affected 
mainly  the  latitudes  north  of  the  middle  of  the  temperate  zone,  or 
were  but  slightly  felt  to  the  south  of  this.  It  is  a  remarkable  fact  that 
the  coasts  of  the  Arctic  regions,  which  have  now  been  rather  widely 
explored,  have  not  presented  any  Jurassic,  Cretaceous,  or  Tertiary 
deposits,  and  there  is,  therefore,  no  evidence  of  their  having  been  in 
those  eras  under  water.  Such  beds  may  hereafter  be  detected ;  but 
the  great  fact  will  still  remain,  that  they  are  there  of  limited  extent,  if 
not  wholly  absent.  As  far  as  known,  there  is  no  Tertiary  on  the  coasts 
north  of  Cape  Cod.  All  development  or  growth  there  seems  to  have 
ceased,  or  nearly  so,  with  the  Palseozoic  era  or  the  close  of  the  Car- 
boniferous age.  But  there  are  Post-tertiary  deposits  in  the  Arctic 
regions  in  many  places,  situated  hundreds  of  feet  above  the  sea,  con- 
taining shells  of  existing  Arctic  species.  This  alone,  independent  of 
other  evidence,  would  prove  a  change  in  the  conditions  of  geological 
progress  after  the  Tertiary  period.  The  necessary  inference  is,  then, 
that  as  long  as  the  south-west  and  south-east  forces  were  in  active  play. 


qoence  of  these  facta  and  principles  may  be  here  alluded  to.  If  the  position  of 
tiie  Atlantic  and  Pacific  has  determined  the  main  directions  of  the  or^nizing 
forces  through  all  time,  and  if,  owing  to  the  direction,  as  the  facts  show,  elevations 
haying  the  same  strike  or  trend  have  been  formed  in  successive  geological  ages,  it  is 
evident  that  the  elevation  theory  of  mountains,  sustained  by  Elie  do  Beaumont, 
must  be  received  with  much  hesitation.  One  dial-plate  for  the  worid,  such  as  ho 
has  deduced  mainly  from  European  geology,  is  a  splendid  hypothesis ;  but  it  may 
not  mark  time  for  America  or  the  other  continents. 


16  NATURAL   BISTORT. 

and  the  extremities  of  the  continent  were  thereby  in  process  of  growth, 
there  was  little  change  going  on  in  the  far  north.  But  when  the  con- 
tinent was  nearly  finished,  its  extremities  grown,  and  the  stability  oon- 
sequent  upon  adult  age  acquired,  then,  through  a  series  of  osdllations, 
a  course  of  development  was  carried  on  in  the  more  northern  r^ona, 
giving  a  final  completion  to  the  continent  —  an  action,  which,  as  I  have 
elsewhere  explained,  involved  the  higher  latitudes  about  the  whole 
sphere,  north  and  south  of  the  equator.* 

We  shall  understand  more  definitely  the  relations  of  the  later  to  the 
older  oscillations,  if  we  consider  that  all  were  due  to  one  grand  cause, 
influencing  the  whole  extent  of  the  continent  even  to  the  Arctic  Ocean; 
that  the  force  from  the  north,  the  south-east,  and  the  south-west,  ac- 
cording to  the  principle  explained,  was  proportioned  approximate^  to 
the  sizes  of  the  oceans,  the  Arctic,  the  Atlantic,  and  the  Pacific ;  that 
the  greater  forces  from  the  south-east  and  south-west  acted  against  that 
from  the  north  and  through  their  superior  strength  or  the  coocurrait 
greater  flexibility  of  the  crust,  kept  up  those  vibrations  in  the  progress 
of  which  the  border  mountains  were  made;  but  at  last,  the  south-east 
and  south-west  action  almost  ceasing  through  the  stiffening  and  uplift- 
ing of  the  crust,  then  the  northern  force,  having  a  stable  fulcrum,  made 
itself  felt  in  the  long  and  slow  oscillations  of  the  Post-tertiary.  Under 
this  mode  of  view  it  will  be  seen  that  all  was  part  of  one  system  of  de- 
velopment. 

If  we  rightly  apprehend  the  results  of  the  Post-tertiary  period,  we 
shall  perceive  that  there  was  vast  importance  in  these  finishing  oper- 
ations over  the  sphere:  —  that  during  its  progressing  centuries,  the 
great  phenomena  of  the  drift  took  place,  covering  hills  and  plains  with 
earth ;  that  the  valleys  for  our  rivers  were  then  either  made  or  vastly 
enlarged ;  that  immense  alluvial  plains  were  spread  out  in  terraces  over 
the  interior  and  in  flats  along  the  shores ;  that  thus  a  large  part  of  the 
brighter  features  of  the  globe  were  educed.     The  mountains  of  the  earth 
at  last  stood  at  their  full  altitude,  having  gained  some  thousands  of  feet 
since  the  Tertiary ;  and  rivers,  true  offspring  of  the  mountains,  taking 
their  size  from  the  size  of  the  mountain  ranges,  were  sent  on  renovating 
missions  over  the  breadth  of  the  continents.    Indeed,  the  upper  te^ 


*  Address,  &c.,  loc.  dt. 
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races  of  the  rivers  show  that  during  the  Post-tertiary,  these  interior 
waters  had  an  extent  and  power  vastly  beyond  what  the  streams  now 
exhibit;  —  an  extent  which  is  yet  unexplained,  unless  attributable,  as 
I  have  suggested,  to  the  declining  snows  of  a  glacier  epoch.  In  their 
strength,  they  deeply  channelled  the  hills,  and  wrought  out  much  of  the 
existing  sublimity  of  mountain  architecture.  There  was  the  elimination 
of  beauty  and  of  immediate  utility  in  every  stroke  of  those  later  waters, 
in  marked  contrast  with  the  earlier  operations  of  rock-making  and 
mountain-lifting ;  for  those  very  conditions,  those  special  surface  details, 
were  developed,  that  were  most  essential  to  the  pastoral  and  agricul- 
tural pursuits  witli  which  man  was  to  commence  his  own  development, 
while  that  grandeur  was  impressed  on  the  earth  that  should  tend  to 
raise  his  soul  above  its  surface. 

This  transfer  of  the  process  of  development  from  the  extremities  to 
the  more  northern  regions,  thence  evolving  these  new  and  more  refined 
qualities  of  inorganic  nature  and  humanizing  the  earth,  has  a  parallel 
in  organic  growth ;  for  the  extremities  are  finished  and  adult  size  at- 
tained before  the  head  and  inner  being  are  fully  perfected.  The  anal- 
ogy is  fanciful ;  yet  it  is  too  obvious  a  parallelism  to  be  left  unsaid  on 
that  account* 


*  I  hayc  alladed  on  a  former  page  to  an  analogy  between  the  progress  of  the 
earth  and  that  of  a  germ.  In  this,  there  b  nothing  fanciful ;  for  there  is  a  general 
law,  OS  is  now  known,  at  the  basis  of  all  development,  which  is  strikingly  exhibited, 
as  Professor  Guyot  has  shown,  even  in  the  earth's  physical  progress.  The  law,  as 
it  has  been  recognized,  is  simply  this :  —  Unity  evolving  multiplicity  of  parts  through 
successive  individualizations  proceeding  from  the  more  fundamental  onward ;  a  law 
wmoght  out  and  developed,  especially  with  regard  to  the  inorganic  history  of  the 
globe,  by  Professor  Guyot.     (Sec  his  Earth  and  Man.) 

The  earth  in  igneous  fusion,  had  no  more  distinction  of  parts  than  a  germ.  After- 
wards, the  continents,  while  still  beneath  the  waters,  began  to  take  shape.  Then,  as 
the  seas  deepened,  the  first  dry  land  appeared,  low,  barren,  and  lifeless.  Under 
slow  intestine  movements  and  the  concurrent  action  of  the  enveloping  waters,  the 
dry  land  expanded,  strata  formed,  and  as  these  processes  went  on,  mountains  by 
degrees  rose,  each  in  its  appointed  place.  Finally  in  the  last  stage  of  the  develop- 
ment, the  Alps  and  Pyrenees  and  other  heights  received  their  majestic  dimensions 
and  the  continents  were  finished  out  to  their  very  borders. 

Again,  as  to  the  history  of  fresh  waters.  —  The  first  waters  were  all  salt,  and  the 
oceans  one,  the  waters  sweeping  around  the  sphere  in  an  almost  unbroken  tide. 
Fresh  waters  left  their  mark  only  in  a  rain-drop  impression.    Then  the  rising  lands 

(2*) 
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Thus,  then,  the  continent  was  completed.  Contraction  was  the 
power,  under  Divine  direction,  which  led  to  the  oscillations  of  the  crust, 
the  varied  successions  in  the  strata,  and  the  exuviations  of  the  earth's 
life,  era  af^er  era.  Acting  from  the  Atlantic  and  Pacific  directicms,  it 
caused  the  southern  prolongation  of  the  growing  land  from  the  icy 
north  to  the  tropics,  while  it  raised  mountains  on  the  borders,  and 
helped  to  spread  the  interior  with  plains,  varied  slopes,  and  laises. 
And,  finally,  through  its  action  over  the  north,  the  surface  received  its 
last  touches,  fitting  it  for  a  new  age  —  the  Age  of  Mind. 


2.  On  the  Parallelism  op  the  Rock  Formations  op  Nova 
Scotia  with  those  op  other  parts  op  America.  Bj  J.  W. 
Dawson,  A.  M.,  F.  G.  S.,  &c ;  Principal  of  the  McGill  College, 
Montreal. 

The  peninsula  of  Nova  Scotia  is  occupied  entirely  bj  rocks  of  the 
Silurian,  Devonian,  and  Carboniferous  systems,  and  an  overlying  red 
sandstone  series  associated  with  beds  of  trap.    It  is  especially  remark- 


Gommenccd  to  mark  out  the  great  seas,  and  the  inciiHent  contiiients  weie  at  times 
spread  with  fresh-water  marshes  into  which  rills  were  flowing  from  the  slopes  aroond. 
As  the  mountains  enlarged,  the  rills  changed  to  rivers,  till  at  last  the  rivers  also 
were  of  majestic  extent,  and  the  continents  were  throughout  active  with  the  bosj- 
streams,  at  work  channelling  mountains,  spreading  out  plains,  opening  lines  of  com- 
munication, and  distributing  good  everywhere. 

Again,  the  first  climates  were  all  tropical.  But  when  mountains  and  streams  wot 
attaining  their  growth,  a  diversity  of  climate,  (essential  to  the  full  strength  of  the 
latter,) was  gradually  evolved,  until  winter  had  settled  about  the  poles  as  well  as  the 
earth's  loftier  summits,  leaving  only  a  limited  zone, — and  that  with  many  variations, 
—  to  perpetual  summer. 

The  organic  history  of  the  earth,  from  its  primal  simplicity  to  the  final  diyemty, 
is  well  known  to  exemplify  in  many  ways  the  same  great  principle. 

Thus  the  earth's  features  and  functions  were  successively  individualized:— first* 
the  more  fundamental  qualities  being  evolved,  and  finally  those  myriad  details  in 
which  its  special  characteristics,  its  magnificent  perfection,  and  its  great  puipoee  of 
existence  and  fitness  for  duty,  largely  consist. 
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able  for  the  great  development  and  fine  exposure  of  the  carboniferous 
rocks,  and  for  the  circumstance,  in  part  connected  with  the  former,  that 
all  the  formations  older  than  the  coal  have  been  greatly  fractured  and 
metamorphosed  before  the  carboniferous  period,  so  that  the  coal  rocks 
are  quite  unconformable  to  those  of  the  Devonian  period.  I  propose 
in  this  paper  to  give  a  general  account  of  the  latest  state  of  our  infor- 
mation as  to  the  equivalency  of  geological  changes  and  formations  in 
this  outlying  portion  of  the  American  paleozoic  and  mesozoic  forma- 
tioDs,  with  those  in  the  United  States  and  Canada. 

1.  Modem  changes  of  level  in  the  western  part  of  Nova  Scotia,  are 
evidenced  by  the  occurrence  of  stumps  of  the  pine  and  beech  in  situ 
at  a  depth  of  thirty  feet  below  the  level  of  the  high  tides  in  the  upper 
part  of  the  Bay  of  Fundy ;  and  there  are  indications  that  the  greater 
part  of  the  marsh  lands  of  that  bay  are  based  on  such  submei*ged  up- 
land. The  observed  evidence  of  this  submergence  depends  on  the 
great  rise  and  fall  of  the  tides  of  the  bay,  so  that  in  other  parts  of  the 
province  similar  subsidence  may  have  occurred,  without  leaving  the 
same  traces.  The  best  instance  of  a  submerged  forest  in  Nova  Scotia, 
or  perhaps  in  Eastern  America,  occurs  near  Fort  Lawrence,  and  is 
described  in  the  Proceedings  of  the  Geological  Society  of  London,  for 
January,  1855. 

This  modem  subsidence  connects  itself  with  that  said  to  be  in  prog- 
ress in  the  south  of  Newfoundland,  and  with  the  submarine  forests  that 
have  been  described  by  Professor  Hitchcock,  Mr.  Gesner  and  others, 
as  occurring  in  Prince  Edward  Island,  the  island  of  Grand  Manan,  and 
the  coast  of  New  England. 

2.  The  Boulder  formation  is  almost  universally  diffused  in  Nova 
Scotia,  and,  as  in  many  other  parts  of  the  world,  consists  of  two  members, 
a  boulder  clay,  indicating  intense  frost  and  continued  subsidence,  with 
ice  drift  of  coast  stones  and  boulders ;  and  superficial  gravels  and  sands, 
marking  the  action  of  the  sea  during  the  emergence  of  the  country, 
tinder  the  boulder  clay  the  surface  is  generally  polished  and  striated. 
No  marine  shells  have  been  discovered,  but  in  one  place  I  have  ob- 
served a  bed  of  peat  with  roots  of  coniferous  trees  beneath  the  boulder 
clay ;  and  in  some  other  localities  old  stratified  sands  and  gravels  have 
been  covered  by  it.  Remains  of  mastodon  have  been  found  in  the 
superficial  gravel. 

The  distribution  of  boulders  has  been  determined  by  currents  by  no 
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means  uniform,  and  modified  bj  the  physical  features  of  the  coontrj. 
The  direction  of  the  strisB  and  furrows  is  most  frequently  north-east 
and  south-west,  coinciding  with  that  of  the  hills  and  valleys  of  the  coun- 
try, and  with  that  of  the  present  northern  current  of  the  coast,  as  well 
as  with  the  prevailing  course  in  other  parts  of  the  continent ;  but  locally 
striae  are  found  to  run  east  and  west,  and  north  and  south,  and  there 
are  oflen  two  sets  crossing  each  other. 

Boulders  also  appear  to  have  been  carried  with  almost  equal  facility 
in  diflferent  directions.  The  central  part  of  the  province  is  overspread 
with  granite  boulders  from  the  south  and  west,  and  with  greenst(»ie 
and  syenite  boulders  from  the  Cobequid  hills  on  the  north  and  north- 
west The  Cobequids,  elevated  about  twelve  hundred  feet,  have  on 
their  northern  ridges  sandstone  blocks  from  the  plain  of  CumberUnd, 
to  the  north,  and  on  their  southern  slopes  granite  boulders  from  the 
south.  The  valley  of  Comwallis  and  Annapolis,  extending  nearly 
south-cast  and  north-west,  has  granite  boulders  from  its  south  side 
can-ied  across  to  the  north,  and  trap  boulders  from  the  north  carried 
up  the  hills  on  the  south.  Great  masses  of  debris  have  been  swept 
out  of  the  ravines  of  the  Cobequids  to  the  south,  while  the  ruins  of 
the  conglomerates  of  the  Pictou  hills  have  been  swept  to  the  north  and 
north-east.  When  all  the  exceptions  are  taken  into  the  account,  the 
preponderance  of  northern  drifl  is  by  no  means  decided,  and  in  many 
localities  is  not  appreciable. 

No  formation  has  been  recognized  in  Nova  Scotia  between  the  Drift 
and  a  series  of  red  sandstones,  to  which  the  name  of  New  Red  Sand- 
stone has  been  provisionally  applied,  and  which,  at  one  time,  were  con- 
founded with  the  more  extensive  and  important  red  sandstones  of  the 
Carboniferous  system,  which  these  new  red  beds  unconformably  over- 
lie. In  Nova  Scotia  the  red  sandstone  is  interstratified  with  great  beds 
of  trap,  tufa,  and  trap  conglomerate.  In  the  neighboring  island  q( 
Prince  Edward,  where  the  formation  is  largely  developed,  these  indica- 
tions of  volcanic  action  are  almost  entirely  absent. 

Regarding,  for  reasons  which  I  have  endeavored  to  explain  eke- 
where,  the  red  colors  of  these  sandstones  as  an  indirect  consequence  of 
Volcanic  action,  and  having  observed  the  association  of  red  sandstone 
and  trap  to  occur  under  precisely  the  same  conditions,  in  the  new  red 
sandstone  and  the  lower  carboniferous  series  in  Nova  Scotia,  and  be- 
lieving such  association  to  occur  in  rocks  of  almost  every  geological  age, 
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I  do  not  attach  much  value  to  similaritj  of  mineral  character,  as  identi- 
fying these  rocks  with  the  red  sandstones  of  Connecticut  and  other 
parts  of  the  eastern  States.  In  Nova  Scotia,  however,  it  is  certain  that 
this  formation  is  newer  than  the  Carboniferous  system,  and  has  accom- 
modated itself  to  the  surface  arrangements  effected  at  the  close  of  the 
latter  period.  It  enters  in  bays  and  inlets  into  the  Carboniferous  val- 
leys, and  in  Prince  Edward  Island  it  extends  across  the  ends  of  the 
carboniferous  troughs  of  Nova  Scotia. 

No  fossils  have  been  found  in  the  New  Red  of  Nova  Scotia ;  but  in 
Prince  Edward  Island  the  large  reptile  described  by  Dr.  Leidy,  and 
named  Batkygnathu$  BoreaU$y  and  the  occurrence  of  araucarian  conif- 
eroas  wood  and  fragments  of  plants  resembling  calamites,  perhaps  point 
to  a  Permian  date. 

4.  The  Carhanifenms  Sjfitem  has  a  thickness  certainly  exceeding 
15,000  feet,  but  in  its  horizontal  extent  it  is  limited  by  older  ranges 
of  hillsy  which  divide  it  into  troughs  and  basins,  and  have  occasioned 
great  varieties  of  structure  in  its  different  parts. 

(I.)  In  Nova  Scotia  the  coal  formation  presents  an  upward  exten- 
sion, which,  in  so  far  as  I  am  aware,  is  not  developed  on  the  same 
scale  in  other  parts  of  America.*  It  consbts  of  several  thousand  feet 
of  red  sandstones  and  shales,  with  occasional  gray  beds,  and  fossil 
plants  identical  with  those  of  the  coal  formation ;  but  without  workable 
coal  or  marine  limestones.  This  portion  of  the  series  I  have  named  in 
fonner  papers  the  **  Upper,  or  Newer  Coal  Formation." 

(2.)  The  productive  coal  measures  underlying  this  newer  coal  for- 
mation, in  consequence  of  the  local  causes  previously  referred  to,  pre- 
sent ns  with  three  different  types  •f  structure. 

(a)  In  some  instances,  as  at  the  North  Joggins  and  Sydney,  a  great 
number  of  beds  of  coal  altemate  with  stigmaria  underdays,  sandstones 
containing  erect  trees,  and  shales  and  limestones  with  modiolae,  jUh- 
9eales,  and  cypris.  In  such  localities  very  frequent  alternations  of  con- 
dition and  elevation  have  occurred,  and  have  been  accompanied  by  a 
profuse  vegetable  growth.  It  is  in  coal  measures  of  this  type  that  we 
find  preserved  those  erect  forests,  remains  and  footprints  of  reptiles, 
land  shells,  and  impressions  of  rain  marks,  that  have  been  described 

*  In  the  disciusion  a  similar  set  of  beds  was  said  to  occur  in  the  coal  field  of 
PtoDsylTi 
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by  Sir  C.  Lyell,  Mr.  Brown,  and  the  writer,  in  the  proceedings  of  the 
geological  society  of  London. 

(b)  In  one  coal  field,  that  of  Picton,  the  whole  of  the  coal  has  been 
accumulated  in  a  few  enormous  seams,  included  in  black  shales  nearly 
destitute  of  sandstones  and  erect  trees.  The  thickest  of  these  great 
seams  has  afforded  the  skull  of  the  largest  known  carboniferous  hsdn- 
chian  (Baphetes  Planiceps,  Owen). 

The  special  conditions  of  the  Pictou  measures  appear  to  have  been 
occasioned  by  a  contemporaneous  gravel  beach,  which  has  separated 
the  Albion  Mines  area  from  those  parts  of  the  surface  in  which  sand 
was  being  deposited  alternately  with  the  coal.  (For  details,  see  Jou^ 
nal  of  Geological  Society,  1853.) 

(c)  Other  parts  of  the  coal  measures  present  the  aspect  of  the  upper 
member  of  the  series,  already  referred  to,  or  that  of  the  next  lower 
member,  without  any  extensive  development  of  coal  and  its  accom- 
paniments. This  condition  appears  to  prevail  more  extensively  in 
New  Brunswick  than  in  Nova  Scotia. 

Similar  varieties  of  surface,  during  the  coal  period,  have  been  ob- 
served in  Great  Britain,  and  even  in  the  great  coal  areas  of  the  West- 
em  States. 

(3.)  Below  the  coal  measures  we  usually  find  a  great  thickness  of 
gray  and  red  sandstones  comparatively  barren  of  coal  plants,  and  cor- 
responding to  the  millstone  grit  of  England,  and  perhaps,  in  part,  to 
the  lower  carboniferous  conglomerates  of  the  Appalachian  and  westera 
coal  fields. 

(4.)  The  next  member  of  the  formation  in  descending  order,  is  tbat 
to  which  the  name  of  gypsiferous  series  has  been  given.  It  consists 
of  red  sandstones  and  red  and  green  marls,  with  thick  limestones 
usually  filled  with  marine  fossils,  and  numerous  beds  of  gypsum.  Tbia 
formation  appears  to  be  wanting  in  the  north  of  the  Appalachian  coal 
fields,  but  is  largely  represented  by  the  lower  carboniferous  limestones 
and  gypsum  of  the  west  and  south.  It  is  also  deserving  of  remark, 
that  in  Nova  Scotia,  where  these  lower  carboniferous  beds  approacb 
the  older  rocky  ridges,  the  limestones  are  diminished  or  even  disap- 
pear, and  are  replaced  by  enormous  beds  of  conglomerate  marking  the  an- 
cient beach,  on  which  pebbles  accumulated  instead  of  the  limestones  tbat 
were  deposited  in  the  deeper  water ;  presenting  an  analogy  on  the  small 
scale  to  similar  facts  observed  over  larger  surfaces  in  the  United  States. 
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(5.)  Near  these  ancient  shores,  and  at  the  very  base  of  the  car- 
boniferous system,  there  occurs  a  peculiar  pseudo  coal  formation,  con- 
sisting of  dark  and  often  calcareous  shales  and  sandstones  with  coal 
plants ;  in  one  instance,  a  bed  of  erect  trees,  underclajs,  and  very  thin 
coals.  It  is  also  characterized  locally  by  the  presence  of  great  num- 
bers of  scales  of  fishes.  This  deposit,  which  belongs  to  the  bays  and 
estnaries  of  the  older  carboniferous  sea,  has  been  recognized  in  many 
localities,  and  has,  in  former  times,  caused  much  confusion  by  its  being 
mistaken  for  the  coal  measures,  and  consequently  leading  to  the  belief 
UuU  the  latter  underlie  the  gypsiferous  beds. 

To  this  part  of  the  carboniferous  system  I  refer  the  remarkable 
bitaminous  fish-bearing  shales  of  the  Albert  Mine  in  New  Brunswick, 
which  haye  been  so  fertile  of  litigation  and  controversy. 

Similar  deposits  have,  no  doubt,  been  produced  at  the  margins  of  all 
the  lower  carboniferous  seas,  though  the  peculiar  local  features  of  Nova 
Scotia  were  probably  especially  favorable  to  their  development* 

The  peculiar  characteristics  of  the  gypsiferous  member  of  the  lower 
carboniferous  series  in  Nova  Scotia,  I  believe  to  be  due  to  igneous  ac- 
tion proceeding  on  the  margins  of  limited  sea  basins,  in  which  great 
deposits  of  coral  and  shell  limestone  were  being  accumulated. 

The  remarkable  similarity  of  the  coal  fiora  of  Nova  Scotia  to  that 
of  the  southern  and  western  States  and  of  England,  has  been  often 
noticed.  The  marine  fauna  seems  to  be  more  closely  allied  to  that  of 
western  Europe  than  to  that  of  America ;  most  of  the  more  abundant 
and  characteristic  species,  as  the  Productus  Martini  and  Scoticus 
Spirifer  Glaber,  Terebratula  Elongata,  Ceriopora  Spongites,  and 
Fenestella  Membranacea,  being  common  European  forms,  while,  in  so 
far  as  I  have  been  able  to  ascertain,  few  of  the  common  species  in 
Nova  Scotia  are  identical  with  those  of  the  western  States.  This 
would  accord  with  the  indications  of  separation  afforded  by  the  absence 
of  the  limestone  from  intervening  portions  of  the  American  coal 
areas,  and  by  the  Devonian  elevations  of  land  in  Eastern  Canada  and 
New  England. 

5.  Devonian  and  Silurian  Hocks.  —  Before  the   Lower  Carbon- 


*  In  the  discussion  Professor  Rogers  and  Mr.  Lesley  described  a  very  similar 
lower  or  false  coal  formation  as  occurring  in  PcnnsylTania  and  the  South. 
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iferous  period,  great  igneous  disturbances  had  occurred  in  the  area 
under  consideration,  and  all  the  previous  sediments  had  been  frac- 
tured and  baked,  and  had  been  in  part  elevated  into  rocky  ridges 
and  islands  in  which  volcanic  action  was  still  in  progress  in  the  Car- 
boniferous period. 

Nothing  lithologicallj  equivalent  to  the  old  red  sandstone  has  been 
found,  but  there  are  some  hard  sandstones  and  grits  of  uncertain  age 
apparently  underlying  the  coal  formation,  which  may  belong  to  tfaii 
horizon.  The  first  fossiliferous  rocks  seen  in  descending  order,  are  a 
series  of  slates  and  hard  shales  with  abundance  of  fossils  and  frequent 
calcareous  bands,  and  in  one  portion  a  bed  of  fossiliferous  iron  ore.  Hie 
disturbances  and  metamorphoses  of  these  rocks  are  so  general  that  k 
is  difficult  in  this  region  to  ascertain  clearly  the  order  of  superpositions; 
but  there  is  a  very  great  thickness  of  beds,  and  Professor  Hall  sap- 
poses  them  to  range  between  the  Clinton  and  Oriskany  sandstone 
groups  of  New  York.  I  have,  in  the  present  summer,  made  surveys 
of  some  of  tlie  more  interesting  portions  of  this  district,  and  collected 
many  new  fossils,  which,  however,  have  not  as  yet  been  examined.  In 
some  parts  of  these  rocks,  the  general  fades  of  organic  life  is  remark- 
ably like  that  of  the  English  Upper  Ludlow. 

The  chronology  of  the  igneous  masses  which  have  penetrated  these 
beds,  is  only  as  yet  beginning  to  be  understood.     In  one  of  the  fossilif- 
erous beds  of  New  Canaan,  about  the  horizon  of  the  Niagara  group, 
there  are  pebbles  of  Amygdaloidal  trap,  and  associated  with  other 
neighboring  beds  there  are  interstratified  green  stones.    These  are  the 
oldest  igneous  rocks  that  I  know  in  Nova  Scotia.     The  whole  mass  is 
then  cut  by  dykes  of  greenstone  and  porphyry,  and  penetrated  by 
great  masses  of  white  granite  with  black  mica,  precisely  like  that  of  the 
eastern  townships  of  Canada  and  many  parts  of  New  England,  and 
probably  about  the  same  age.     This  granite  has  penetrated  vertical 
bands  of  these  rocks,  melting  the  edges  into  gneiss,  but  crossing  the 
beds  without  interfering  with  their  strike.     I  ascertained  for  the  first 
time  in  the  past  summer,  the  Devonian  age  of  the  granite  of  Nova 
Scotia,  by  observing  its  penetration  of  beds  at  least  of  Upper  Silurian 
if  not  of  Lower  Devonian  age ;  and  collected  many  curious  details  in 
reference  to  the  junction  rocks,  which  I  hope  to  throw  into  form  for 
publication  in  the  course  of  the  winter.      Lastly,  the  rocks  of  this 
group  have  been  again  penetrated  by  trappean  rocks  which  have  ot^ 
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flowed  among  the  Lower  carboniferoas  conglomerates ;  and  probably, 
tlflo,  in  a  few  instances  by  the  trap  of  the  New  Red  Sandstone. 

The  older  Silurian  rocks  of  Nova  Scotia  are  represented  hj  an 
enormous  thickness  of  gray  quartsite  and  day  slate  in  very  thick 
bands,  occasionally  passing  in  the  vicinity  of  the  granitic  masses  which 
have  been  forced  through  them  into  mica,  schist,  and  gneiss.  These 
rocb  have  not  afforded  any  fossils,  and  seem  to  be  quite  destitute  of 
calcareous  matter.  They  may,  perhaps,  be  taken  as  representatives  of 
the  arenaceous  and  argillaceous  members  of  the  Lower  Silurian  series, 
without  the  limestones.  They  form,  with  the  intrusive  granite,  a  broad 
belt  along  the  Atlantic  coast  of  the  province ;  and  all  igneous  action 
appears  to  have  ceased  in  this  belt  before  the  close  of  the  Devonian 
period;  a  circumstance  in  which  these  rocks  differ  from  the  Upper 
Silurian  and  Devonian  series  already  described. 

The  altered  rocks  which  I  have  supposed  to  be  Lower  Silurian,  are 
very  destitute  of  calcareous,  magnesian,  and  metallic  minerals ;  with 
the  single  exception  of  iron  pyrites.  Those  which  appear  to  be  Upper 
Sflnrian,  on  the  contrary,  contain  much  calcareous  matter  in  thin 
bands,  interstratified  peroxide  of  iron  with  fossil  shells,  and  large  veins 
containing  ferruginous  dolomites,  spathose  iron,  specular  iron,  and  sul- 
phorets  of  copper.  We  do  not  appear  to  have  any  representatives  of 
the  great  Silurian  limestones  of  the  United  States  and  Canada,  though 
these  occur  on  a  large  scale  at  no  greater  distance  than  the  neighbor- 
ing Province  of  New  Brunswick. 


3.  Geological  Obsbevations  on  the  Pluto-volcanio  Slope 

OF  THE  SlEEEA  MaDBE  ALONO  THE  AziMUTH  BOUNDAET  LiNE 

THBOUOH  North-west  Sonora,  made  under  the  direction,  and 
communicated  with  the  permission  of  the  United  States  Commis- 
sioner, Major  W.  H.  £MOBTy  U.  S.  A.  By  Abthub  Schott,. 
of  Washington,  D.  C. 

An  air  line  ^wn  south-eastward  from  a  point  on  the  left  bank  of 
the  lUo  Colorado  del  Oeste,  twenty  miles  below  the  mouth  of  the  Gila  to 

(8) 
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the  intersection  of  the  meridian  of  111^  W.  longitude  from  Greenwidi, 
and  the  parallel  81°  20'  north  latitude,  comprises  that  western  portion  of 
the  new  boundary  between  the  two  Republics  of  th6  United  States  and 
Mexico,  which  was  lately  surveyed  and  established  under  the  provisions 
of  the  so-called  '^  Gadsden  Treaty."  Greographical  terms  for  the  same 
section  of  boundary  line  would  be  "  Sonorian  "  or  "  Pimerian "  line, 
for  it  runs  through  that  north-western  part  of  Sonora,  which  bears  also 
the  old  Spanish  name  "  Pimeria  Alta,"  that  is,  "  High  Pimeria."  A 
geodetic  name  for  the  same  stretch  of  line  would  be  ^  Azimuth  line,** 
because  it  intersects  in  an  oblique  direction  from  south-east  towards 
north-west  all  the  meridians  and  parallels  falling  in  with  it. 

This  line  distinguishes  itself  from  the  eastern  portion,  which,  running 
parallel  to  meridians  and  parallels  of  latitude,  crosses  north-easteni 
Sonora  and  Chihuahua,  and  finally  terminates  on  the  banks  of  the 
Bravo  del  Norte,  a  little  above  El  Paso  del  Norte. 

Our  Azimuth  line,  then,  takes  its  course,  for  its  entire  length,  over 
the  eastern  slope  of  the  basin  of  the  California  Gulf,  following  th&t 
the  divortia  aquarum  between  the  Gila  and  those  streams  of  North- 
western Sonora,  which,  by  a  south-westerly  course,  drain  the  adjacent 
country,  finally  shedding  their  water  into  the  gulf  just  mentioned. 

From  one  extremity  of  the  line  to  the  other,  that  is,  from  the  heigbts 
of  the  Sierra  del  Pajarito,  in  the  upper  part  of  the  Santa  Cruz  Biver 
valley,  to  the  initial  point  on  the  banks  of  the  Colorado,  the  line 
measures  233  miles  (round  number). 

As  to  figures  expressing  the  relative  value  of  the  hypsometrical 
features  of  the  country,  we  shall  have  to  be  content  with  but  approxi- 
mative numbers,  for  circumstances  have  prevented  actual  measurements 
to  that  purpose. 

An  imaginary  line  drawn  from  the  most  elevated  point  of  the  Siem 
del  Pajarito  about  200  or  300  yards  south  from  the  eastern  terminus  of 
the  line  to  the  initial  point  on  the  Colorado,  exhibits  a  dip  oi  abont 
22.1  feet  to  one  mile,  or  an  equivalent  of  0.41  to  100.  The  point  of 
elevation  of  the  before-named  Sierra  is  supposed  to  be  5,000  jfeet  above 
the  waters  of  the  Colorado  next  to  the  initial  point  Adding  the  dif- 
ference between  this  point  and  the  level  of  the  sea,  the  elevation  of  the 
Sierra  del  Pajarito  may  be  put  down  at  5,180  feet  This  point  does 
not  seem  to  reach  the  pine  region,  which,  in  these  latitudes,  may  be 
4X>nsidered  as  from  about  5,500  to  6,000  feet  above  the  ocean. 
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The  rarface  of  North-west  Sonora  is  characterized  by  a  monotonous 
simpHcitj  of  features,  and  if  it  were  not  for  dose  examination,  even 
a  more  scrupulous  observer  would  not  be  able  to  discover  any  thing 
bat  a  mere  dualism  of  diluvial  drift  and  pluto-volcanic  masses  of  rocks 
and  mountains. 

Along  a  very  considerable  portion  of  the  line  the  former  has  covered 
Aose  mountain  ranges  almost  to  their  top,  especially  those  approaching 
the  vaMey  of  the  Colorado.  In  reality  the  western  section  of  our 
Azimuth  line  is  running  over  what  may  properly  be  styled  ''  a  veiled 
country ; "  for  of  mountains  only  the  crests  and  summits  are  to  be  seen, 
occasionally  budding  out  from  those  desolate  sand  flats,  which  have 
boned  the  valley  of  the  lower  Ck>lorado.  This  river  winds  its  course 
through  these  forsaken  barrens  of  drifting  sand  like  a  serpentine 
oasis,  bordered  by  comparatively  but  narrow  strips  of  timbered  bottom- 
knd. 

The  mountains  ranging  across  that  drift  form  the  skeleton  or  frame 
of  the  geological  edifice  of  the  country,  whilst  the  diluvial  main  may 
be  looked  on  as  its  sinew  and  muscle.  If  we  go  further  in  the  comparison, 
the  alluvial  deposits  may  be  called  the  tegument  or  epidermis  of  the 
whole,  which,  to  be  sure,  is  most  poorly  represented.  This  natural 
deficiency,  however,  facilitafes  the  observations  of  the  geologist,  who 
laay  k>ok  upon  this  country  as  if  it  were  prepared  and  laid  open  for 
analytic  investigation. 

As  its  uppermost  stratum  we  first  take  sight  of  the  alluvials,  of  which 
very  little  is  met  with  over  the  whole  country  except  at  the  extremities 
of  the  Hne.  The  krger  share  of  it  appears  in  the  bottom-lands  of  the 
Colorado;  next  to  these  come  the  regions  of  the  higher  mountains, 
whilst,  strange  to  say,  the  plains  are  in  this  respect  last  in  order. 

The  slopes,  and  generally  the  more  or  less  inclined  planes  on  the 
mountains,  are  sufficiently  rugged  and  rough  to  form  crevices,  dells,  and 
imall  valleys  with  obstructed  outlets,  which  prevent  entire  deprivation 
of  alluvial  deposits^  and  form  a  condition  of  primary  importance  for 
^  development  of  vegetable  life,  of  which  the  almost  naked  plains, 
Buffering  under  the  sway  of  climatic  severities  and  the  devastating 
sweep  of  an  almost  continually  moving  sand,  are  a  sad  specimen. 

Few  traces  of  alluvial  soil  may  be  looked  for  at  the  so-called 
''playas"  in  the  plains.  These  are  depressions  in  the  ground  either 
nnik  or  washed  out,  and  at  the  greatest  vertical  distance  from  the 
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sammits  of  the  mountains.  Into  these  hadns  the  aqueous  deposits  of 
the  atmosphere,  together  with  the  lighter  particles  of  the  snrroanding 
soil,  are  carried.  In  many  cases  the  traveller  may  find  here  v^eta- 
Uon  more  developed,  which  then,  however,  consists  more  of  a  mass  of 
equals  than  a  diversity  of  genera  and  species. 

Frequently  such  an  apparently  premature  attempt  of  nature  to  pro- 
mote vegetable  life  is  sadly  counterbalanced  by  the  saline  character  of 
the  soil,  and  then  a  prevalence  of  corresponding  forms,  as  dfume, 
Saholoy  Salicomiii,  and  others  analogous  to  them,  take  ihe  place  of 
Algarobia,  ProsopiSy  or  even  oi  ScUtx  in  corresponding  places. 

The  mainland  filling  up  the  levels  between  the  various  moantain 
ranges  is  constituted  of  a  more  or  less  uniform  deposit  of  loose  diluvial 
sand,  a  compound  not  essentially  difiering  from  the  material  the  moun- 
tains are  composed  of.  So  we  may  call  it,  without  hesitation,  the  de- 
tritus of  the  adjacent  mountains,  and  the  underlying  firmer  parts  of  the 
land.  As  to  the  mode  of  its  being  formed  and  distributed,  we  firmlj 
believe  it  to  be  the  residue  of  a  once  intermediate  ocean,  at  the  time  a 
combining  link  of  the  Atlantic  and  Pacific  Oceans. 

Changes  in  the  composition  of  this  deposit  certainly  occur,  but  tbej 
appear  to  be  more  of  a  local  character,  and  a  certain  uniformity  per- 
vades ^e  whole.  Fragments  of  quartz,  mica,  felspar,  and  of  other 
crystalline  and  igneous  rocks,  together  with  particles  of  lime  compose 
this  almost  unbounded  stratum,  forming  a  vast  region  of  deserts  between 
the  eastern  foot  of  the  Californian  oordilleras  and  the  table-lands  bo^de^ 
ing  the  eastern  shore  of  the  Bravo  del  Norte.  So  we  look  upon  it  as 
a  diluvial  ocean  a  thousand  times  intersected  and  protruded  by  those 
gigantic  walls,  dykes,  and  reefs,  which  we  know  to  be  those  mountain 
ranges  already  mentioned. 

In  the  immediate  vicinity  of  the  latter,  banks  and  isolated  beds  of 
pebbles  are  visible,  the  character  of  which  is  analogous  to  the  litho- 
logical  features  of  those  mountain  parts,  whence  they  are  derived. 
These  pebbles,  however,  are  not  be  confounded  with  other  similar 
looking  pebble  banks,  which  appear  occasionally  right  in  the  centre  of 
those  desert  basins,  especially  along  certain  water  beds,  which  at  present 
may  have  served  out  their  purpose,  or  may  still  be  the  dry  diannels  fiir 
passing  ofi*  rain-water  currents. 

Pebble  beds  of  the  first  order  are  the  result  of  the  disint^rating 
agencies  of  the  atmosphere  upon  the  faces  of  the  mountains,  and  are 
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depoated  not  far  from  the  place  whence  they  oHginated,  whilst 
those  of  the  second  <Mrder  seem  to  be  the  gatherings  of  an  immense  area, 
eoDsistingof  differmit  pieces,  remoyed  from  most  diverse  and  often  yerj 
remote  geographical  quarters.  A  wide-spreading  medium  must  hare 
gathered  a  compound  of  so  heterogeneous  constituents.  In  these  sand 
beds  we  find,  for  instance,  in  loose  pieces,  limestones  of  different  age 
Sfid  thrown  together,  where  almost  eyerj  geological  era  is  represented 
bj  from  carboniferous  up  to  fresh-water  forms.  We  also  find  here  all 
kinds  of  opal,  chalcedcmj,  agate,  jasper,  slates,  and  other  siliceous  and 
silidfied  forms,  breccias,  conglomerates,  either  crystalline  or  amorphous. 
There  are  placed  together  silidfied,  agatized,  or  opalized  fragments  of 
iFOdd,  ude  by  side  with  mere  incrustations,  either  metamorphic  or  un- 
ehanged,  and  quite  of  late  date.  On  another  spot  we  may  observe  a 
semiopal,  consisting  entirely  of  fossil  shells,  the  age  of  which  is  readily 
recognized  by  numerous  Nummulites  associated  with  them.  With  the 
hand  we  may  take  up  an  agate  abounding  in  the  neatest  fragments 
of  encnnitic  or  coralline  forms,  whilst  our  foot  touches  pieces  of 
jasper  or  hornstone,  in  which,  by  means  of  a  common  glass  lens,  grain 
and  texture  of  some  coniferous  wood  can  be  perceived.  Not  uncommon 
are  also  large  fragments  of  wood  opal,  also  exhibiting  ligneous  texture, 
though  with  the  traces  of  granulation  entirely  vanish^  away.  Also 
glass  opal  or  hyalite  containing  casts  and  marks  of  coralline  forms ;  or 
pisolites,  either  unchanged  or  metamorphic,  as  if  indicating  the  making 
of  a  loadstone. 

The  deserts  on  both  sides  of  the  Colorado  and  along  the  Gila  abound 
in  such  pebble  beds,  surrounded  by  that  same  above-described  uniform 
sand,  by  which  they  become  occasionally  entirely  buried,  or  from 
under  which  they  are  redeemed  again  by  the  play  of  the  atmospherio 
currents. 

For  the  scientific  observer,  fragments  of  the  mentioned  character  are 
the  pearls  of  this  vast  terrestrial  ocean,  which  must  have  formed  once 
the  bottom  of  an  aqueous  waste  of  the  same  dimensions,  and  under  the 
sway  of  which  these  pebble  beds  must  have  been  collected.  Since  the 
waters  have  receded  from  this  area,  another  ocean  of  more  substantial 
aatore  is  waving  here.  Now  the  aerial  currents  are  driving  the  shifting 
sand  about,  as  it  once  moved  with  the  waves  of  the  ocean.  At  present 
only  local  alterations  take  place,  moving  the  sand  from  one  place  to 
another.    The  level  of  these  deserts  must  undoubtedly  have  been  dis- 

(8«) 
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turbed  since  thej  were  deposited.  Besides  the  genend  decliiuition  of 
the  western  slope  of  the  Sierra  Madre  towards  the  Gulf  of  California, 
an  increased  declination  of  stratam,  roand  the  base  of  intercepting 
mountains,  is  visible.  This  deviation  from  the  angle  of  general  ascoit 
from  the  Colorado  towards  the  Sierra  Madre  does  not  affect  the  mean 
angle  of  declination,  which  the  diluvial  main  exhibits,  but  we  may 
ascribe  the  former  solely  to  the  deposition  of  debris  from  the  moantainB. 

The  angle  formed  by  the  rising  of  the  diluvial  deposits  and  the  base 
of  the  mountains  in  the  Santa  Cruz  River  valley,  at  the  foot  of  the 
Sierra  Santa  Rita,  was  found  to  be  =  2.5°. 

The  general  ascent  of  country  is  a  more  essential  proof  of  the  up- 
heaving of  the  country  since  the  deposition  of  the  quaternary  strata  or 
the  diluvial  drift.  A  line  placed  upon  its  plane^  from  the  valley  of  the 
Colorado  to  that  point  of  the  Sierra  del  Psgarito  where  diluvial  depos- 
its cease,  that  is,  about  1,100  feet  below  the  highest  point  of  elevation 
of  said  sierra,  rises  to  about  3,900  feet,  which  makes  12.44  feet  per 
mile,  or  an  equivalent  of  0.23  to  100. 

Some  valleys  may  exist  heading  on  the  slopes  of  the  Sierra  dd 
Pajarito,  through  which  diluvial  deposits  are  rising  still  higher,  hot 
such  exceptions  do  not  affect  the  average  of  general  ascent  The  rel- 
ative and  absMute  elevation  to  which  this  diluvial  main  rises  in  its 
approach  to  the  Sierra  Madre,  forms  a  striking  peculiarity  in  the  katr 
ures  of  the  country.  With  a  gradual  ascent  it  furnishes  a  natural 
bridge  almost  over  the  whole  height  of  those  rocky  mountains,  the  rug- 
ged crests  of  which  otherwise  would  have  remained  inaccessible. 
Whilst  offering,  however,  such  an  advantage  to  man's  purposes  on  ooe 
side,  it  involves  on  the  other  side  very  serious  evils.  For  it  covers  like 
a  thick  veil  all  that  portion  of  country,  which  for  its  level  character,  or 
at  least  for  its  very  small  declivity,  should  form  the  proper  field  for 
those  higher  faculties  of  nature  by  which  vegetable  and  subsequently 
animal  life  is  developed.  Instead  of  that,  however,  it  now  lies  pros- 
trated, a  geological  Sisyphus,  having  water  at  its  base,  and  seeing  water 
treasured  up  in  the  clouds  without  being  able  to  receive  and  appropri- 
ate it.  £ven  those  few  rains  falling  during  a  short  season  upon  it  are 
instantly  swallowed  up  by  the  bottomless  sand,  leaving  no  marks  of 
having  been  any  way  beneficial. 

The  few  periodical  water  streams  descending  from  the  rugged  mooa- 
tain  slopes,  share  the  same  fate  with  the  scanty  gatherings  of  the 
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doads  falling  upon  this  drift  land.  Immediatelj  after  reaching  it,  they 
disappear  from  the  surface,  sinking  to  unknown  depths,  leaTmg  marks 
of  a  rudimentary  drainage  only  in  the  nearest  vicinity  of  the  mountains. 
Here  bunches  of  shrubbery  and  trees  border  the  usually  dry  water 
beds  of  the  country.  The  blessings  of  water  are  lost  upon  these  plains 
almost  entirely,  like  ill-trusted  alms  in  the  bottomless  pocket  of  an 
unworthy  be^ar. 

The  vegetation  peculiar  to  the  surface  of  this  desert  is  much  like 
that  of  corresponding  localities  on  the  east  slope  of  the  Sierra  Madre. 
Besides  a  number  of  smaller  and  more  inconspicuous  forms,  the  Larrea 
MexicanOj  Fouquiera  spinoiOy  several  ObioneSy  and  other  chenopodi- 
sceons  shrubs,  and  quite  a  number  of  papilionaceous  and  mimosaceous 
herbs,  shrubs,  and  trees,  together  with  various  members  of  Cactaceas 
occur  through  these  desert  regions,  familiar  to  every  traveller  who 
has  once  passed  over  these  plains. 

We  pointed  above  to  the  simple  plan  upon  which  nature  has  con* 
structed  the  firmer  parts  of  the  country,  that  is,  its  rocky  frame  or 
skeleton.  To  come  to  the  underlying  strata  upon  which  the  diluvial 
deposits  are  placed,  we  have  to  step  very  deep  at  once,  for  constituents 
of  the  secondary  era  seem  to  be  lacking  wholly.  Crystalline  rocks  of 
primary  and  transition  age,  metamorphic  and  unaltered,  form  the  vast 
bed  upon  which  the  upper  strata  are  placed.  This  foundation,  how- 
ever, does  not  form  an  even  plane  varying  in  its  inclination,  but  its 
surface  appears  manifoldly  broken,  protruded,  and  turned  up  by  erup- 
tiYe  masses,  thus  rising  in  many  places  above  the  level  of  the  diluvial 
plains.  The  mighty  sierras  now  forming  the  skeleton  of  our  geological 
edifice  have  been  shaped  in  the  same  way.  In  regard  to  their  petro- 
graphic  character  we  may  distinguish  them  as  pluto-volcanic 

With  the  hypsometric  features  of  these  mountain  ranges,  three  im- 
portant characteristics  are  connected.  These  are:  1.  Parallelism 
among  themselves,  and  also  congruity  of  bearing  to  the  range  of  the 
western  coasts ;  2.  Articulation ;  and  3.  Petrographic  uniformity. 

The  parallelism  among  the  various  mountain  ranges,  and  also  the 
striking  reference  of  their  bearing  to  the  western  coast,  is  a  fact  much 
better  known  than  the  laws  under  which  nature  has  effected  it 
Whether  the  linear  extension  of  the  longitudinal  axis  of  these  moun- 
tains was  caused  by  a  combined  action  of  electro-magnetic  forces  and 
the  tidal  oscillations  of  the  oceans,  influenced  and  modified  by  isother- 
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mal,  iflodinic,  and  isodjnamic  corrents,  we  are  not  able  to  decide,  and  so 
we  offer  the  following,  though  a  mere  theory  founded  upon  obeerratioitt 
made  on  the  spot  Perhaps  after  the  first  onset  of  that  peculiar  ree^ 
or  dyke  formation,  probably  a  primary  response  of  volcanic  forces  to 
the  action  of  positive  and  negative  electro-magnetism,  a  prftlimiiHiiy 
deposition  of  crystalline  primary  and  transition  rocks  took  place,  followed 
by  the  precipitation  of  sedimentary  strata.  At  this  time  igneoua  ibroo 
no  doubt  prevailed,  and  therefore  the  order  of  strata  are  throughout 
either  of  crystalline  or  of  compact  lava-like  character. 

In  the  course  of  those  events  the  increasing  volcanic  debris  became 
one  of  the  agents  to  limit  the  heretofore  free  power  of  vdcanic  fbroei, 
promoting  the  counter  actions  of  aqueous  forces.  £zogenoQ8  growth 
increased,  whilst  endogenous  outcrops  became  confined.  The  waters, 
with  their  sediment,  commenced  locking  up  the  volcanic  fissures,  whilst 
the  fires  had  to  seek  other  outlets,  at  the  same  time  combining  with  their 
vertical  vibrations  horizontal  oscillatory  motions.  To  this  we  may 
ascribe  the  formation  of  those  long  reef  and  dyke-like  mountain  ranges, 
perhaps  orographical  meridians,  which  appear,  however,  often  abruptly 
intercepted  by  cross  valleys,  dykes,  or  reefs,  formed  by  different  rocks. 
Such  articulation  may  have  been  conditioned  by  the  natural  divisions  of 
strata,  that  is  to  say,  stratification,  clearage,  and  lamination,  influenced 
again  by  the  aqueous  interoceanic  currents,  which  must  have  acted 
powerfully  before  all  the  walls  separating  the  Pacific  and  Atlantic  now 
were  entirely  closed.  Considering  such  mode  of  formation,  we  cannot 
wonder  at  the  diversified  combination  of  plutonic,  volcanic,  and 
neptunic  rocks,  as  they  are  in  fact  represented  in  the  orographical  sys- 
tem along  our  Azimuth  line.  We  also  cannot  be  surprised  in  perceiT- 
ing  the  close  petrographic  relationship  existing  between  all  the  differ- 
ent sierras,  because  they  rose  altogether  from  one  pluto-volcanic  focus, 
and  were  formed  very  likely  surrounded  by  one  general  medium  that 
was  in  a  state  of  submersion. 

To  what  degree  our  theory  may  agree  with  the  geological  data  act- 
ually seen  and  observed,  a  special  survey  of  the  mountain  ranges 
along  our  Azimuth  line  may  show.  Before  entering,  however,  upon 
this  subject,  we  propose  a  few  remarks  on  some  Spanish  terms,  which 
identify  their  objects  with  so  much  precision,  that  we  should  not  like 
to  part  with  them,  lest  we  should  be  compelled  to  use  insufficient  cir- 
cumlocutory words  in  their  place. 
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We  refer,  then,  to  the  following  words :  Oordittmxiy  Sitrrct^  OuchiUoj 
Pieaeho,  Puerio,  OaHatif  Lomoj  Me$a,  Oiinagay  Chareo^  and  Tinc^'cu 

Cordillera  means  a  long  moantain  range  composed  of  several  paral- 
lel ranning  integrating  ranges,  which,  however,  occasionally  can  he 
iiiterseeted  hj  cross  valleys  and  passes.  The  characteristic  of  the 
term  is,  that  a  cordiUera  is  formed  hj  two  or  more  ranges  constituting 
one  orographical  body,  as  a  cord  consists  of  several  strings  twisted 
together.     Cordillera  and  cord  are  formed  upon  one  root 

Sierra  means  a  saw,  or  a  mountain  range  with  a  serrate  crest,  and 
of  a  reef,  dyke,  or  wall-shape.  The  cross  diameter  of  both  the  Sierra 
and  the  Cordillera  is  generally  very  small,  compared  with  their  longi- 
tudinal axis. 

OuekiUa  is  a  branch  or  outrunner  of  a  sierra,  partaking  in  its 
physiography  with  the  latter.  Its  sharp-edged  crest  probably  caused 
tlie  name  Cuchilla,  which  stands  upon  the  same  root  with  cuchiUo,  signi- 
fying knife. 

Picacho  signifies  a  sharp,  tapering,  or  obelisk-like  peak,  with  the  cross 
and  long  diameter  in  a  similar  dispn^rtion  as  for  a  Sierra  or  Cor- 
dillera. 

PuertOy  a  gate,  gap,  or  port.  Its  topographical  meaning  here  is,  an 
open  pass  over  or  through  a  mountain  ridge,  not  of  any  length,  as  in,  for 
instance,  a  causeway  or  caSUm, 

Gaiion  is  a  mountain  pass  or  define  with  no  outlets  on  either  side. 

Loma  is  a  long  narrow  mountain  or  hill-ridge,  with  a  level  horizon ; 
Lomita  is  but  the  diminutive  form  of  it. 

Meea  table  means  here  table-mountain  or  table-ridge,  the  top  of 
which  is  of  a  wide  horizontal  extent ;  mesilla  is  the  same  on  a  smaller 
scale. 

Malpdis.  Bad  land  or  mauvais  terre  of  the  French.  In  Sonora 
it  is  exclusively  applied  to  mesas,  lomas,  or  any  table-land  constituted 
of  large  beds  of  igneous  rock  mostly  compact  or  vesicular  black 
trap. 

Oiinaga  is  a  valley  or  mountain  basin  with  an  obstructed  outlet  and . 
hemmed  in  all  round  by  hills  or  mountains ;  thus  the  d^naga  abounds  in 
miry  or  swampy  places. 

CharcOy  a  water-poo)  found  usually  in  lower  and  level  places.  They 
are  formed  either  by  the  decay  of  rocks  or  by  washing  out  of  beds 
of  day. 
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Tifngay  a  water-hole  in  solid  rock,  and  usoallj  met  with  in  the 
creyices  and  ravines  of  rook^  mountains.  The  word  applies  originsUy 
to  an  earthen  jar  not  glazed  so  as  to  allow  exudation  of  the  contents,  by 
which  means  the  water  inside  remains  cooL 

Af^er  this  we  may  proceed  with  a  review  of  the  various  sierra8» 
which,  by  following  our  Azimath  line  from  south-east  to  north-west,  we 
shall  have  to  cross. 

The  eastern  terminus  of  our  Azimuth  line  on  the  north  slope  of  the 
Sierra  del  Pajarito  shows  crystalline  transition  rock  either  metamor- 
phic  or  unchanged,  and  also  trachytic  and  porphyritic  strata  or  else 
metamorphic  forms  of  granite  and  syenite.  Some  of  the  more  ele- 
vated parts  exhibit  very  rough  masses  of  a  cellular  texture,  whilst  the 
lower  are  more  solid  and  smooth  in  the  water  beds,  even  polished. 
The  color  is  dull  red  or  subdued  light  pmk.  These  rocks  also  abound 
in  crystals  of  glassy  felspar,  and  occasionally  particles  of  augite,  thus 
answering  to  the  frequent  occurrence  of  syenitic  granite.  The  foot  of 
this  sierra  is  on  the  north  side  washed  by  a  small  mountain  stream, 
which  is,  however,  during  the  most  part  of  the  season  dry,  with  the 
exception  of  few  choreas  and  ttnajcUy  which  are  formed  in  solid  massea 
of  rock.  The  bed  of  this  little  stream  is  lined  with  a  singular  forma- 
tion, apparently  of  later  age.  At  first  sight  we  looked  upon  it  as  if  it 
were  fresh-water  lime  overlying  or  placed  alternately  with  a  certain 
volcanic  breccia,  the  matrix  of  which  is  much  like  the  just  mentioned 
formation.  Perhaps  it  is  really  a  volcanic  mortar,  in  which  large  and 
angular  fragments  of  amygdaloid  and  porphyritic  rocks  are  imbedded. 
This  same  compound  forms  throughout  the  lower  portion  of  the  belore- 
mentioned  valley  one  solid  cemented  mass,  hemming  in  canon-like  the 
course  of  a  torrent  between  vertical  walls  of  an  average  height  of  30 
to  50  feet  The  color  of  these  masses  is  a  brownish  yellow,  with  an 
ash  gray  crust  The  latter  looks  as  if  it  were  the  result  of  a  prooeas 
of  calcination.  In  some  spots  where  this  crust  was  found  decaying 
out,  a  marl-like,  mealy  powder,  like  chalk,  could  be  scratched  out  from 
the  inside.  Upon  further  investigation,  also,  trappitic,  amygdaloid,  and 
porphyritic  rocks,  at  whatever  elevation  they  had  been  taken  up,  were 
found  with  a  cream  or  mortar-like  paste  of  carbonate  of  lime  adhering 
to  them  or  filling  the  otherwise  empty  cavities  of  vesicular  or  else  porxxu, 
igneous  rocks.  From  this  we  conclude  that  carbonate  of  lime,  in  some 
form,  must  have  been  an  ingredient  in  the  formation  of  this  strata  of 
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later  date.  In  the  east  slope  of  the  Sierra  del  Pajarito,  in  a  valley 
called  ^^Los  Nogales"  (the  wakiuts),  similar  strata  border  the  course 
of  a  little  stream  on  one  side  forming  a  continuing  winding  low  bank 
or  terrace  from  six  to  ten  feet  high,  exhibiting  horizontal  stratification, 
and  on  the  other  side  oovering,  to  some  extent,  the  slopes  of  the  sur- 
loanding  momitains  and  hills,  constituted  of  crystalline  transition  rocks. 
On  these  hill-sides  these  apparent  limestone  strata  form  shelye-like  beds 
coating  over  those  rocks  of  higher  age.  These  shelves  are  dipping 
towards  the  valley.  Their  texture  shows  plainly  lamination.  Further 
east  from  Los  Nogales,  that  is,  in  the  Santa  Cruz  River  valley,  the 
same  formation  seems  to  be  still  more  boldly  developed.  To  the  south 
aod  towards  the  south-easternmost  link,  the  same  Cordillera  that  is  on 
the  strike  side  of  the  Sierra  Santa  Barbara,  and  also  still  further  down 
into  Sonora,  strata  of  the  same  nature  abound  through  all  the  valleys 
drained  by  running  water. 

The  volcanic  breccia,  occurring  also  and  in  abundance  in  most  of 
those  water-leading  valleys  and  ravines  of  the  Sierra  del  Pajarito, 
rises  from  forty  to  fifty  feet  under  an  angle  from  upwards  of  45*^  to 
vertical  walls.  Some  pieces  of  this  mass  were  tried,  heated  in  a  large 
log  fire,  and  then  thrown  into  cold  water,  upon  which  they  showed 
much  effervescence,  but  without  going  to  pieces. 

To  the  north  and  north-west  of  this  mountain  range,  with  its  bearing 
from  east  to  west,  the  Sierra  Janos  is  rising  up  in  bold  terraces  of  a 
dark-red  brown  amygdaloid  trap,  or  trap-porphyry.  The  broadest 
terraces  are  along  its  lower  regions.  The  edge  of  each  of  these  gigan- 
tic shelves  is  bordered  with  outstanding  rocks,  reefs,  dykes,  pinnacles, 
clifis,  in  the  most  fantastic  manner.  The  level  of  the  terraces  declines 
towards  the  main  body  of  the  sierra;  thus  a  series  of  parallel  running 
lateral  sierras  are  formed.  The  most  elevated  part,  the  central  stock, 
forms  a  huge  table-block,  exhibiting  on  its  south  and  west  side  distinct 
marks  of  stratification,  cleavage,  and  lamination.  These  marks  inter- 
sect each  other  verticaUy,  and  so  the  whole  mass  resembles  a  veritable 
mason-work,  the  rectilinear  fissures  of  which  are  vbible  at  a  distance  of 
from  ten  to  fifteen  miles.  The  vernacular  name,  '^  Janos,"  has  thus  as 
little  to  do  with  the  physiography  of  these  mountains,  as  Pajarito  has  with 
the  former.  The  one  means  a  little  bird,  the  other  a  certain  shrub. 
The  latter  may  have  some  physical  reference  to  the  sierra  to  which 
^  name  is  fixed.    Janos  signifies  in  the  Papago  language  a  species 
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of  chilopsis,  which  grows  in  superabundance,  in  analogous  localities,  iD 
over  those  regions.  The  striking  resemblance  of  the  central  block  of 
this  sierra  to  mason-work,  would  certainly  justify  the  repetition  of  the 
more  appropriate  name,  ^  de  los  ladrillos,"  (of  the  bricks,)  for  it  agrees 
in  its  appearance  with  the  description  of  a  portion  <^  the  Pera?iaD 
volcano  Pichincha,  given  by  Humboldt.  A  similar  petrographic  pbe- 
nomenon  is  mentioned  there,  with  the  only  difference,  that  the  rock  oo 
the  Peruvian  mountain  consists  of  some  kind  of  pitchstone-deaving  <^ 
laminated  in  its  vertical  slabs  or  layers.  This  makes  the  strata,  at 
a  distance,  appear  like  mason-work,  and  gave  rise  to  the  name,  ''de 
los  ladrillos,"  among  the  inhabitants  of  Quito.     . 

On  the  northern  foot  of  the  Sierra  Janos,  another  group,  thongk 
upon  the  same  longitudinal  axis,  is  annexed,  forming  clearly  with  both 
the  former  one  body  or  one  sierra,  ranging  south-east  and  north-west, 
and  bordering  the  left  bank  of  the  Santa  Cruz  River.    The  three  linb 
of  this  sierra  have  a  common  dip  and  strike ;  the  former  being  in  an 
easterly  direction,  and  on   the  sierras  Janos  and  Atascosa  from  5^ 
upwards  to  25^;  the  latter  faces  the  westerly  regions,  and  fiiUs  off 
vertically,  in  bold  terraces.    The  petrographic  character  of  the  Siena 
Atascosa  seems  to  fall  close  together  with  that  of  the  Janos,  and  as 
they  are  also  so  closely  connected,  they  may  be  copsidered  as  twins. 
The  mountain  range  formed  of  these  three  sierras  terminates  on  the 
north-western  slope  of  the  latter,  where  a  valley  intersects  an  immedi- 
ate connection  with  the  Sierra  del  Babuquibari  in  the  north-west 
This  valley,  communicating  on  the  east  side  only  by  a  narrow  pass 
with  the  valley  of  the  Santa  Cruz  River,  is  one  of  those  int^'sectioDS 
separating  the  Cordilleras  and  sierras  of  the  country  into  articulated 
mountain  bodies.    The  valley  itself  bears  the  name  of  Aribac,  or  Ari* 
baca,  from  a  deserted  Mexican  settlement,  situated  there.     Good  and 
constant  spring  water  is  found  here,  which  may  cause  sometime  the  rees- 
tablishment  of  the  rancho,  after  security  against  the  marauding  Apaches 
shall  be  realized.      The  name  ^  Aribac  "*  is  undoubtedly  of  Papago 
origin,  though  we  could  not  ascertain  its  meaning.     The  slope  of 
the  Sierra  Atascosa,  towards  this  valley,  is  formed  by  igneous  roeb 
and  peaks,  towering  up  in  the  most  odd  and  grotesque  shape.    This 
locality  also  bears  the  name  **  Mai  pais,**  which  it  certainly  deserres, 
considering  the  rugged  character  of  this  slope  of  igneous  rocks.    Atas- 
cosa, the  name  referring  to  the  whole  of  this  sierr^  means,  ^^miiy," 
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or  **  stick  in  the  mire."  We  know  not  whether  this  name  really  points 
to  the  petrographic  character  of  these  mountains,  which  is  indeed  most 
likely,  because  they  appear  as  if  they  had  once  risen  out  of  a  boiling 
volcanic  pool  during  some  chaotic  era. 

The  absolute  height  of  these  three  sierras  above  the  level  of  the 
Santa  Cmz  River  seems  to  be  pretty  nearly  equal,  though  the  highest 
points  of  the  Sierra  Janos  looked  to  me  as  if  they  commanded  all 
others. 

An  round  the  Sierra  del  Pajarito  smaller  and  larger  springs  abound, 
but  their  course  is  more  or  less  concealed,  and  it  wants,  therefore,  the 
expert  eye  of  an  Indian,  Mexican,  or  hunter  to  find  them,  especially 
daring  the  latter  part  of  the  dry  season,  that  is,  from  April  to  a  part  of 
Jnly.  On  all  sides  of  this  sierra,  from  its  base  to  the  summit,  vege- 
tation is  well  developed.  All  the  slopes  and  valleys  abound  in  good 
grazing,  and  a  dense  growth  of  shrubbery  and  trees  covers  the  rough 
surface  of  those  mighty  slopes,  cut  up  into  thousands  of  little  valleys, 
ravines,  and  crevices.  Three  or  four  different  evergreen  oaks  are  met 
with  on  this  sierra,  among  them  the  '^  vellote  "  of  the  Sonorians,  with 
sweet,  eatable  acorns.  A  species  of  cedar  appears  in  the  more  elevated 
parts,  which,  however,  does  not  seem  to  reach  the  pine  region  fully. 
A  few  years  ago  the  fauna  of  this  country  was  characterized  by  hun- 
dreds of  heads  of  vrild  cattle  roaming  through  these  grassy  valleys,  but 
they  have  since  been  exterminated  by  the  restless  hunter.  According  to 
its  physiographical  features  the  Sierra  del  Pajarito  partakes  in  the  good 
things  of  the  Sierra  di  Santa  Cruz,  and  all  the  various  links  of  those 
sierras  belonging  to  one  system  with  the  Sierra  Madre,  farther  east 
Even  in  respect  to  metals  the  Sierra  del  Pigarito  is  not  left  behind. 
Whilst  in  camp  at  ^  Los  Nogales,"  Major  W.  H.  Emory,  United  States 
Commissioner,  received  several  fine  pieces  of  very  promising  looking 
silver  ore,  obtained  in  the  immediate  neighborhood  of  that  place. 

On  the  top  of  the  Sierra  del  Pajarito  we  find  ourselves  on  the  vertex 
of  a  dividing  ridge,  sending  water  by  the  Santa  Cruz  Biver  north-west 
to  the  Gila,  and  south-west  towards  Presidio  del  Altar,  and  other 
places  in  that  direction.  We  have  dwelt,  intentionally,  longer  upon 
the  features  of  this  sierra,  because  of  its  being  hypsometrically  and 
geognostically  best  developed  among  all  the  sierras  coming  to  sight 
hence  west  towards  the  Gulf  of  California. 

(4) 
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The  Sierra  del  Pajarito  forms  a  t3rpe  and  a  standard  for  the  compar- 
ative  review  of  the  rest. 

Viewing  the  country  towards  the  gulf  from  the  western  peaks  of  the 
Sierra  del  Pajarito,  a  wild  and  rugged  net  of  mountains  lies  spread  out. 
Notwithstanding  their  being  constituted  of  similar  crystalline  and 
transition  rocks,  they  do  not  rise  so  high  as  the  former,  but  being  in 
long  ridges,  closely  packed  together,  and  dipping  uniformly  towards 
the  south-west,  they  form  a  kind  of  mountain  relief,  the  grandeur  of 
which  lies  more  in  its  uniform  wide  extension,  than  in  the  peculiarity 
of  shape. 

At  a  distance  of  about  sixteen  miles  another  sierra  of  igneous  rocb 
is  visible.  Between  this  and  the  last  one  we  spoke  of  very  little  drift 
is  met  with,  and,  where  it  appears,  we  find  it  always  confined  to  valleys, 
until  we  come  half  way  between  both  sierras.  Here,  by  the  action  of 
water  currents,  mesas  and  lomas  have  been  formed,  rising  to  the  hei^ 
offrom40to50feet. 

The  waters  running  from  here  south-east  soon  join  those  onniDg 
from  the  east  slope  of  the  Sierra  Escondida,  a  small  distance  south  of 
the  line,  near  a  place  where  in  a  hidden  deep  clef^  between  igneous 
amygdaloid  rocks  permanent  vrater  is  found.  This,  however,  seems 
not  to  be  a  spring,  but  a  iinaja  supplied  by  the  trickling  down  of  wat^ 
from  tinajas  situated  above.  The  character  of  this  place  caused  the 
name  ^^  Escondida,^  meaning  here  the  concealed  water,  but  it  is  applied 
to  the  whole  sierra.  This  range,  accoi*ding  to  its  orography,  is  but  a 
gigantic  volcanic  dyke,  here  towering  up  with  an  isolated  rugged  crest 
of  igneous  rocks  (amygdaloid  and  porphyritic),  and  there  intercepted 
or  overlaid  by  overthrown  and  contorted  crystalline  strata  of  a  coane- 
grained  felspathic  sienite,  mostly  metamorphous.  The  cross  diameter 
of  this  sierra,  where  it  is  intersected  by  our  Azimuth  line,  exceeds 
scarcely  one  mile  in  length.  It  is,  however,  on  both  sides  bordered  by 
the  quaquaversal  upheavings  of  those  crystalline  beds  just  menti<med. 

Near  the  spot,  where  three  singularly  looking  peaks  mai^  the  locality 
of  that  hidden  tinajay  we  visited  the  top  of  the  sierra,  which,  in  bar- 
renness, hx  surpasses  the  Sierras  Pajarito,  Janos,  and  Atascosa. 
Some  parts  of  the  table-like  planes  and  also  the  slopes  are  covered 
with  large  patches  of  white  chalcedony  in  the  shape  of  scoria.  The 
southern  part  of  this  sierra  exhibits  a  more  horizontal  arrangemenCy  as 
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if  its  disposition  bad  been  made  in  a  state  of  submersion.  Here 
black  vesicular  trap  prevails,  forming  ridges  and  cross  banks,  and 
fbrthcr  below,  loma$  and  mesas.  Tbe  topography  of  the  country  seems 
to  indicate  here  the  junction  and  gathering-place  of  a  number  of  moun- 
tain streams  and  torrents. 

The  boundary  line  crossing  the  Sierra  Escondida,  passes  over  its 
crest  a  little  to  the  north  of  a  conspicuous  peak,  the  highest  point  of  the 
whole  range.  This  peak,  belonging  to  the  State  of  Sonora,  received, 
therefore,  the  boundary  name  "  El  Cerro  di  Sonora." 

A  group  of  low  granitic  hills,  a  western  upheaval  of  the  Sierra 
Escondida,  furnishes,  near  the  line,  several  water  places  well  known  to 
the  natives  of  the  country,  the  Papago  Indians,  Mexicans,  and  Apaches. 
Some  of  them  are  mere  tinc^'cu  and  eharcoSy  others  seem  to  be  real 
q>riDgs.  They  are  liable  to  become  sometimes  dry  before  the  setting  in 
of  the  rainy  season.  A  heavy  hail  and  thunder-storm  our  party  encoun- 
tered here  occasioned  the  name  '^  del  granizo  "  for  this  little  mountain 
gronp.  This  same  meteoric  incident  furnished  a  proof  how  little  time 
it  requires  to  submerge  all  the  adjacent  valleys  under  the  most  terrible 
sweep  of  mountain  torrents.  Our  camp  at  the  time  was  near  the  head 
of  a  ravine,  and,  notwithstanding  the  short  range  of  the  latter,  after  an 
dapse  of'uot  more  than  h\e  minutes  hail  and  rain  had  created  a  water 
current  of  at  least  five  feet  average  depth,  thus  instantly  filling  up  the 
whole  rocky  bed  to  its  top.  The  granite  found  on  this  sierrita  is  white, 
very  coarse  grained,  and  richly  charged  with  large  plates  of  silvery 
mica.  It  is  also  occasionally  impregnated  with  an  addition  of  horn- 
blende. 

A  broad,  fiat  valley  nine  miles  wide  separates  the  Sierras  Escondida 
and  Granizo  from  the  Sierra  Verde,  which  is  nothing  more  nor  less  than 
a  southern  spur  or  branch  of  the  Sierra  Babuquibari  to  the  north  of 
the  line.  The  plains  bordering  the  various  dry  water  beds  of  this 
valley  are  well  furnished  with  good  grass,  and  seem  to  be  the  resort  of 
plenty  of  game.  The  water  beds  themselves  are  bordered  by  a 
remarkably  rich  growth  of  oak  and  hackberry  (Altis).  The  Sierra 
Yerde,  so  called  from  the  beautiful  verdure  encountered  in  the  shelter 
of  its  rugged  and  defied  valleys,  seems  to  be  formed  entirely  by  the 
same  felspathic  granite,  which  was  mentioned  for  the  east  slope  of  the 
Sierra  Escondida.  The  dip  and  strike  face  East  and  West.  The 
width  of  the  sierra  is  scarcely  more  than  one  mile,  and  no  petrographic 
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novelties  are  here  met  with.  Its  longitadinal  axis  ranges  soadi-easi 
and  north-west,  where  it  joins  the  bold  igneous  walls  of  the  Si^ra 
Babuqufbari,  at  a  distance  of  about  fifteen  miles  hence.  The  en- 
tire length  of  the  Sierra  Verde  scarcely  exceeds  twenty  miles.  Bound 
its  southern  end  some  trappitic  hills  and  mounds  cross  out  firom 
the  diluvial  main.  At  the  same  locality,  right  under  the  steep  side  id 
the  sierra,  a  springs  finds  its  way  to  the  surface,  fitting  this  place  for  a 
general  camping-ground  for  roaming  Indians  or  travelling  Mexicans. 
The  locality  itself  is  generally  known  to  the  inhabitants  of  the  coontrj 
under  the  name  **  Pozo  Verde,"  (green  well). 

Almost  due  north  from  the  surveying  station  established  upon  the  crest 
of  the  Sierra  Verde  the  Picacko  of  the  Sierra  Babuqufbari  is  situated, 
fhis  is  one  of  those  orographical  phenomena  of  the  country,  the  sin- 
gularity of  which  could  not  fail  to  raise  the  attention  of  the  red  man. 
The  Papago  Indians  in  fact  consider  this  large  mountain  obelisk  their 
palladium,  where  they  take  refuge  in  times  of  famine,  drought,  war, 
or  any  other  general  calamity.  "  Babuqufbari,"  we  were  told,  signifies 
in  the  language  of  these  Indians,  ^  water  on  the  mountain,"  and  k 
formed  by  "  babu"  water  and  "  ari"  rock  or  mountain. 

The  increased  height  of  the  main  body  of  this  sierra,  and  especially 
the  bold  ofiset  of  a  large  obelisk  of  one  solid  mass  on  the  top  of  the 
former,  exercise,  very  probably,  an  increased  power  of  attraction 
upon  the  clouds,  which,  therefore,  gather  more  copiously  round  its 
head.  At  the  same  time  the  more  inaccessible  recesses  of  the  sierra 
aid  the  securing  of  welcome  water  stores  in  those  higher  regions. 

Viewing  the  country  westward  from  the  heights  of  the  Sierra  Verde 
another  wide  plain  is  visible,  which,  at  a  distance  of  from  twelve  to 
fifteen  miles,  is  intersected  by  another  mountain  range,  traversing  the 
country  in  that  invariable  bearing,  south-east  and  north-west  The 
eastern  half  of  this  intermediate  plain  seems  to  be  more  favorable  to  the 
development  of  vegetation  than  the  western  part,  which,  especially  in 
its  lower  portions,  is  entirely  deprived  of  floral  life.  The  eastern  part 
abounds  in  grass  and  dense  brush-work,  besides  a  considerable  growth 
of  mosquito-wood,  whilst  the  western  seems  to  have  been  at  first 
divested  of  all  vegetables  by  the  destroying  tooth  of  small  troglodytic 
quadrupeds.  It  is  a  singular  fact  that  both  parts  of  this  plain,  a  short 
time  before  our  visit  there,  had  been  equally  benefited  by  copious  rain, 
and  notwithstanding  the  western  half  had  remained  a  naked,  barren 
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flat  Through  the  thickets  of  the  slope  tinder  the  Sierra  Verde  we 
saw  flocks  of  black-tailed  deer,  which  seem  to  have  here  their  western 
limits,  whilst,  on  the  western  barren  half,  numbers  of  shy  antelopes 
freely  ranged  over  the  open  level.  No  doubt  the  physiography  of  the 
ooQDtry  commences  here  to  change  to  its  disadvantage,  of  which  we 
shall  see  more  after  reaching  the  next  mountain  range ;  which,  unlike 
the  others  passed  until  now,  is  but  a  short  detached  group  of  hills  and 
mountains  budding  out  from  the  diluvial  main  like  an  island.  Though 
of  much  smaller  extent,  it  still  presents  the  same  petrographic  charac- 
ter by  being  a  binary  compound  of  igneous  and  crystalline  rocks,  the 
latter  taking,  we  believe,  the  larger  portion.  On  the  east  slope  simi- 
lar felspathic  granite  rocks  in  a  decayed  somewhat  metamorphic  state 
occur,  whilst  the  west  slope  exhibits  again  that  quartzose  quaternary 
granite  we  spoke  of  at  the  Sierrita  del  Granizo.  The  centre  part,  the 
spine  of  the  whole,  is  formed  by  amygdaloid  and  porphyritic  masses 
here  and  there  overlaid  or  otherwise  concealed  by  crystalline  strata, 
which  have  not  been  thoroughly  protruded  by  the  former.  The  north 
part  of  this  sierra  is  occupied  by  the  highest  peak,  rising  solitary  above 
the  others.  This  fall  to  the  north  of  the  boundary  line  received  the 
name  "  Cerro  de  la  Union,"  which  was  also  applied  to  the  whole  group. 
From  the  surveying  station  established  in  the  puerto  of  the  Sierra  de 
la  Union,  we  look  east  and  west  as  from  a  physiographical  dividing 
ridge  upon  the  surrounding  country. 

Through  the  part  just  passed  over,  mountains  and  mountain  stretches 
prevailed,  leaving  but  a  small  share  for  the  distribution  of  diluvial  de- 
posits, but  hence  westward  levels  and  plains,  formed  by  drifting 
sand,  increase  and  consequently  sterility  and  desolation  become  a  ruling 
feature.  This  change  seems  to  be  caused  by  the  gradual  submersion 
of  the  mountain  ranges  under  the  level  of  the  diluvial  main.  Thus 
fosing  width  and  length,  sierras  appear  now  but  as  interrupted  de- 
tached parts  of  mountain  ranges,  the  mutual  connection  of  which  only 
can  be  guessed  at  by  their  general  geographical  bearing.  Cordilleras 
and  sierras,  as  we  shall  see  aflerwards,  are  of  a  more  loose  texture  from 
the  increased  interspersion  of  drift  land.  Whilst  the  country  to  the 
east  resembles  an  aggregate  of  narrow  straits  bordered  by  long 
mountain  reefs,  the  land  ahead  begins  to  widen  and  become  like  the 
outside  of  a  shallow  coast,  studded  all  over  with  small  rocky  islands  and 
diflfe,  the  scattered  pieces  of  reefs  and  dykes.     The  more  open  country 
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is  now  influenced  by  the  climate  of  the  gulf  coast  Certain  plants, 
apparently  real  desert  forms,  appear  first  on  the  west  slope  of  the 
Sierra  de  la  Union ;  among  them  two  leguminous  trees,  the  Paio  Verde 
and  Pah  di  Hierro  of  the  Mexican.  We  notice  here,  alao,  a  predomi- 
nance of  cacti,  which  we  may  not  improperly  call  the  corals  and  algae 
of  the  aerial  ocean. 

The  boundary  line  crosses,  at  a  distance  of  nearly  seventeen  miles 
of  desert,  a  comparatively  narrow  and  low  sierra  chiefly  constituted  by 
porphyritic  and  amygdaloid  rocks.  The  point  of  crossing  is  marked 
by  a  natural  monument,  a  fork  formed  by  two  bold  vertically  rising 
horns  of  solid  rock.  The  sierra  itself  is  a  northerly  continuation  of  a 
Cordillera  with  the  name  L<5bota.  The  word  seems  to  belong  to  the 
language  of  the  Papago  Indians,  who  have  several  large  settlements  in 
this  vicinity ;  the  meaning  of  the  word,  however,  did  not  become  known 
to  us.  About  three  quarters  of  a  mile  south  from  the  line,  a  comam 
intersects  the  Sierra  de  los  Linderos,  through  which  the  western 
side  is  reached  without  much  difliculty.  In  this  natural  opening  a 
great  deal  of  crystalline,  primary,  and  transition  rock  is  developed, 
though  the  igneous  masses  maintain  at  the  same  time  their  suprem- 
acy. The  name,  '^  de  los  Linderos,"  was  given  to  this  sierra  on  account 
of  those  two  clifis  forming  a  fork,  through  which  the  line  passes, 
and  bringing,  one  to  the  American,  the  other  to  the  Mexican  side.  Lin- 
dero,  in  Spanish,  means  a  boundary  or  a  landmark,  and  therefore  the 
application  of  this  name  here. 

Another  desert  plain,  from  seventeen  to  eighteen  miles  wide,  sep- 
arates the  Sierra  de  los  Linderos  from  that  of  de  la  Nariz.  Tboogli 
both  of  these  mountain  ranges  appear,  petrographically,  very  near 
related,  there  exists  one  striking  difierence  between  them.  The  former 
at  least,  at  our  point  of  crossing,  is  a  real  volcanic  dyke  at  its  base,  in 
some  places  bordered  by  upheaved  crystalline  strata.  Its  crest  d 
igneous  masses,  forced  through  a  body  of  fantastically  contorted,  partly 
shattered  walls  and  dykes  of  volcanic  rocks,  resembles  a  group  of  Titans, 
turned  into  stone  whilst  they  were  in  the  very  a(!t  of  assailing  the 
heavens.  On  the  other  hand,  the  Sierra  de  la  Nariz,  consisting,  also, 
of  nothing  but  igneous  masses,  (trappitic  and  porphyritic,)  appears  more 
to  be  the  result  of  simple,  less  intense,  uni-lateral  upheaving.  Its  crest, 
comparatively  even,  is  nothing  but  the  turned  up  edge  of  a  vast  bed 
-of  volcanic  or  volcanized  rock,  dipping  in  a  north-easterly  directioD, 
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whilst  its  strike  at  an  absolute  height  of  from  200  to  400  feet  is 
turned  west 

The  surface  of  its  easterly  slope  is  covered  hj  a  thick  layer  of  loose 
boulders,  of  a  black  vesicular  trap.  On  the  strike  stratification  is  visi- 
ble even  from  some  distance,  the  layers  being  of  various  thicknesses, 
from  ^ve  feet  and  less  up  to  twenty  and  twenty-five  feet  The  Sierra 
de  la  JSiariz  ranges  in  a  slightly  curved  line,  from  south-east  towards 
Borth-west,  where,  at  a  distance  of  about  eight  miles,  it  is  connected 
with  the  Sierra  del  Ajo,  of  which  it  appears  to  be  but  a  south-eastern 
ray.  Next  to  the  point  of  connection  between  the  two  sierras,  that 
of  the  de  la  Nanz  is  divided  into  two  subparallel  running  branches  of 
which  the  westernmost  is  only  short,  not  exceeding  ten  miles  in  length, 
whilst  the  eastern  range  continues  for  twenty  miles.  Near  the  inter- 
section of  the  boundary  line,  a  little  to  the  north,  quite  a  depression 
occurs,  where  the  sierra  hardly  reaches  fifly  feet  in  height  In  this 
Ticinity  it  is  also  traversed  by  two  open  passes,  the  bottom  of  which  is 
almost  upon  a  level  with  the  diluvial  main.  The  vernacular  name 
of  this  sierra  is  Spanish,  and  means  ^nose;"  the  reason  of  its  application 
was  left  unknown  to  us. 

To  the  north  of  the  Sierra  de  la  Nariz  another  one  is  visible,  at  a 
distance  of  about  fifteen  miles,  which  is  the  width  of  the  intermediate 
le?el  valley.  It  seems  to  be  perfectly  analogous  in  its  petrographic 
character  to  the  one  of  de  la  Nariz,  having  dip,  strike,  and  stratification 
the  same  with  the  latter.  Both  these  sierras  are  accompanied  by  a  num- 
ber of  little  trap-mounds,  reaching  out  at  the  base  of  the  former,  from 
the  level  of  the  valley,  not  rising,  however,  higher  than  from  thirty  to 
fi>rty  feet  Springs  are  not  to  be  found  in  any  of  these  mountain  ranges. 
The  few  animals  of  the  wilds,  also  the  Indians  and  travellers,  depend 
here  entirely  on  Charcot.  As  we  at  the  time  were  fortunate  enough 
to  encounter  such  water  places,  in  the  neighborhood  of  this  sierra, 
where  we  least  expected  them,  the  name  ^  Laguna  de  la  J^speranza " 
(k^oon  of  hope),  was  given  to  it  This  range  seems  to  be,  also,  an 
eastern  link  of  the  Sierra  del  Ajo. 

From  the  heights  of  the  Sierra  de  la  Nariz  to  the  north-west,  a  bold 
and  high  range  stands  in  sight.  It  appears  more  like  a  node  or  a  com- 
pound of  sierras,  a  forced  consolidation  of  various  branches.  This  moun- 
tam  group  bears  the  Spanish  name,  del  Ajo,  which  means  '^  a  garlic'' 
The  reason  for  this  singular  name  is  based,  as  we  were  informed,  upon 
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the  morphological  features  of  the  sierra.  Though  probably  constituted 
of  similar  volcanic  rocks  like  the  others,  its  structure  is  different.  As 
it  is  seen  from  south-west,  from  the  Li^nagas  of  Sonojta,  a  huge  centre 
block,  of  either  metamorphic,  or  more  probably,  volcanic  or  volcanized 
stratified  rocks,  is  observed  on  the  strike  side  to  be  in  its  middle  pene- 
trated from  below  by  rocks,  which,  as  it  seems,  are  litfadogically  alike, 
but  of  columnar  structure.  The  whole  body  is  hereby  divided  into 
two  nearly  equal  portions.  The  aspect  of  this,  and  the  before-men- 
tioned sierras,  is  indeed  very  singular,  and  impressed  upon  us  the  idea 
of  geological  mummies,  on  which  metamorphism  chemically  and  me- 
chanically produced  such  thorough  changes,  altering  their  lithok^kal 
characters,  but  preserving  their  morphological  features.  On  the  sides 
and  at  the  base  of  this  sierra,  quite  a  number  of  volcanic  peaks  are 
towering  up,  one  superviewing  the  other,  but  undoubtedly,  all  together, 
standing  upon  one  and  the  same  volcanic  focus,  however  detached  their 
situation  above  ground  may  appear.  Thus  the  main  body  of  the  Sierra 
del  Ajo  resembles  in  its  shape  the  bulbous  head  of  a  garlic  A  com- 
parison like  thi.s,  though  rather  keen  and  parabolic,  may  be  otherwise 
justified,  as  it  implies,  at  the  same  time,  the  endogenous  growth  of  both 
the  sierra  and  the  garlic  head. 

The  mountain  range  of  del  Ajo  also  forms  a  sort  of  a  dividing  ridge 
between  the  waters  of  Sonoyta,  running  in  a  westerly  direction  toward 
the  Gulf  of  California,  and  those  waters  turning  in  an  easterly  direction 
from  the  slopes  of  the  Sierras  de  la  Nariz,  and  afterwards  taking,  also, 
a  south-westerly  course. 

On  the  westerly  foot  of  the  Sierra  del  Ajo,  a  wide  valley  is  spread 
out,  which,  being  hemmed  in  all  round  by  mountain  ranges,  and  having 
but  one  obstructed  outlet,  is  what  the  Spanish  call  a  "  cienagaJ*  Its 
southern  border  is  formed  by  the  Sierra  Guehibabi,  which  is  a  Papago 
name  of  no  known  meaning.  As  the  siierras  just  before  spoken  of 
strike  the  eye  by  their  dark-brown,  almost  black  color,  the  sierras  to 
the  south  and  west  are  constituted  of  metamorphic  crystalline  rocks 
with  prevailing  felspar.  The  color  of  these  mountains,  especially  under 
the  rays  of  a  Sonorian  sun,  is  a  glaring  white.  Thus  we  find  the  often 
repeated,  and  somewhat  fabulous  sounding  stories  of  general  travellers 
well  founded,  when  they  talk,  for  instance,  about  the  pass  between  a 
white  and  a  black  mountain,  or  something  of  that  kind.  On  ih%  foot 
of  the  eastern  end  of  the  Sierra  Guehibabi,  near  the  old  mission  of 
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Sooojtay  chloritic  slates  and  greenstone  come  to  sight  They  appear, ' 
however,  to  be  but  local,  and  a  branch  of  the  same  sierra  ranging  due 
north  shows  throughout  that  same  white  or  light-colored  felspathic 
crystalline  rock.  This  branch  being  lowest  in  elevation  and  but  short, 
QDtil  it  is  absorbed  by  the  western  outrunners  of  the  Sierra  del  Ajo, 
was  named  Sierrita  di  Sonoyta.  The  eastern  part  of  the  cxenaga  is 
open  for  travellers  to  Presidio  di  Altar.  There  the  dividing  ridge  is 
nothing  but  a  slight  swell  of  the  diluvial  plain. 

Besides  the  abundance  of  deep  charcos  and  lagoons  through  its  lower 
portion,  this  ciSnaga  is  blessed  with  the  origin  of  a  small  river,  fed  at 
its  very  outset  by  a  large  number  of  little  springs,  undoubtedly  rising 
from  a  very  great  depth.  Their  water  is  beautiful,  dear,  of  a  bluish 
hue,  of  somewhat  high  temperature,  and  slightly  brackish.  Notwith- 
standing the  rich  supply  by  which  the  little  river  of  Sonoyta  is  nour- 
ished at  its  birth,  it  is  not  able  to  remain  a  running  stream.  Before 
reaching  a  mile  it  disappears  under  ground,  and  regains  daylight  sev- 
eral times.  The  water,  however,  is  constant  enough  to  justify  a  settle- 
ment in  its  vicinity.  The  Roman  church  had  once  established  one  of 
her  missions  (Pimeria  Alta)  in  this  remote  and  desolate  quarter  of 
Sonora.  This  well  intended  establishment,  however,  like  the  little  river 
of  Sonoyta,  did  not  show  much  vitality.  Some  poor  fragments  of  miser- 
able walls  are  the  whole  that  is  left,  by  which  to  recognize  the  spot  near 
the  outlet  of  the  valley.  This  is  occupied  now  by  a  group  of  a  few  Mexi- 
can and  Indian  huts,  the  inhabitants  of  which  irrigate  some  tillable 
ground.  The  proportion  of  the  latter  is  very  small,  and  scarcely 
enough  to  satisfy  fifty  Papaga  families. 

In  the  physiography  of  the  country  the  Sierra  del  Ajo,  forming  the 
north-eastern  comer  of  the  G^naga  di  Sonoyta,  seems  to  be  a  remark- 
able monument,  which  establishes  the  real  boundary  between  the  coast 
and  the  interior.  It  is  also  in  the  north-western  portion  of  the  same 
that  rich  argentiferous  and  auriferous  copper  ores  abound,  containing, 
as  it  is  said,  sufficient  gold  and  silver  to  defray  the  expenses  of  mining 
and  separating  the  copper.  These  ores  were  rediscovered  some 
years  ago,  and  are  worked  now  by  a  Californian  mining  association, 
called  the  "Arizona  Company."  This  company,  besides  exploring 
first  the  stretch  hence  direct  to  the  Gila  River,  opened  also  with 
OMisiderable  expense  and  labor  a  road  through  the  mountain  passes, 
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and  provided,  by  means  of  artificial  tanks,  for  the  preservation  of  ram- 
water,  which  annually  falls  upon  those  regions. 

Following  the  bed  of  the  river  of  Sonoyta,  a  narrow  pass  leads  with- 
out any  difficulty  into  another  cienaga,  which,  being  not  so  weU 
watered  as  the  one  of  Sonoyta,  bears  again  the  common  desert  charac- 
ter. Its  diametrical  extension  is  about  like  the  former,  and  may  be 
stated  to  have  a  width  of  fifteen  miles  each  way.  The  Sonoyta  stream 
winds  its  course  through  it,  but  forms  only  in  the  upper  half,  in  two  or 
three  places,  small  shallow  ponds,  where,  during  the  dry  season,  water 
may  be  got  by  digging. 

Mountain  and  hill  ranges,  formed  by  the  same  felspathic  crystaUine 
rocks,  border  this  cienaga  all  round.  The  more  open  west  end  is 
limited  by  a  swell  of  the  diluvial  beds,  leaving  but  one  opening  for  the 
occasional  surplus  of  water  from  the  Sonoyta  River.  This  cienaga, 
which  may  be  called  "  Quitobaquita,"  partakes  still  more  of  the 
physiography  of  the  California  desert 

Quitobaquita  signifies,  in  the  Papago  language,  a  small  mountais 
gap  or  pass,  which  in  reality  is  formed  here  by  low  mountain  ridges, 
spurs  of  the  Sierra  del  Ajo,  Di  Quitobaquita,  and  Guehibabi.  Upon 
the  rising  ground  on  the  west  end  of  this  ciinaga  a  wealthy  Mexican 
established  a  cattle  rancho.  The  inhabitants  of  the  latter  depend  on 
spring  water,  which  flows  in  abundance  from  some  twelve  to  fifteen 
small  springs,  all  rising  in  one  line  upon  a  bank  which  apparently  has 
been  formed  by  the  same  material  they  themselves  had  precipitated. 
The  substance  itself  seems  to  be  some  form  of  carbonate  of  lime.  The 
water  of  these  springs  resembles  fully,  in  appearance  and  mode  of 
issue,  that  of  Sonoyta,  and  we  shall  not  be  mistaken  in  placing  the  phe- 
nomenon of  both  upon  one  physical  base,  and  considering  them  to 
be  mineral  or  thermal  springs. 

Leaving  Quitobaquita  the  line  passes  over  a  broad  ridge,  dipping 
east  and  west,  and  forming  a  kind  of  yoke  (jugum)  between  the 
Sierra  of  Quitobaquita  and  a  mountain  group  to  the  south  called  ^  Los 
Cerros  de  la  Salada."  Here  all  round  crystalline  felspathic  rocks  pre- 
vail. The  structure  of  these  cerros  indicates  a  general  geognostical 
disturbance,  under  which  these  hills  and  mounds  have  been  grouped 
together.  They  are  of  different  absolute  height,  and  their  rocky  parts 
are  very  much  interspersed  or  covered  with  debris.     In  general  the< 
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entire  arrangement  and  ranging  of  the  sierras  between  this  place  and 
SoDojta  exhibits  some  deviation  from  the  established  rule  of  parallelism 
among  all  the  sierras  of  north-western  Sonora.  The  mountain  ranges 
of  Qaitobaquita,  Del  Ajo,  and  Guehibabi  appear  like  three  gigantic 
rows  of  waves,  which,  af\er  overreaching  one  another  in  discharging 
their  contents,  form  a  net  of  irregularly  ranging  mountain  marshes. 

The  water  of  the  little  river  of  Sonoyta  leaves  its  course  above 
ground  for  the  last  time  at  Quitobaquita  to  follow  its  terrestrial  course. 
Two  miles  below,  on  the  south-east  side  of  the  Cerros  de  la  Salada, 
fresh  drinking  water  can  be  got  by  digging  from  two  to  three  feet  deep 
in  the  bed  of  the  river.  One  mile  further  below,  the  water  of  the  same 
stream  is  so  exceedingly  saline  that  not  even  starving  mules  will  touch 
it.  Thb  salt  water  occasioned  the  name  de  la  Salada,  which  is  also 
applied  to  the  mountain  group  placed  next  to  it.  Hence  the  coun- 
try opens  entirely  in  a  southerly  direction  towards  the  coast,  leaving 
free  sight  to  a  pretty  bold  but  entirely  isolated  sierra  of  considerable 
height,  which  is  named  "  Pinecate."  This  singular  name,  signifying 
a  beetle,  must  probably  have  originated  from  some  particular  occur- 
rence, for  we  have  not  been  able  to  find  out  any  reference  the  name 
could  have  to  any  peculiarity  of  these  mountains.  This  sierra,  about 
twenty-five  miles  distant  from  the  line,  is,  for  want  of  water,  almost 
entirely  inaccessible.  It  is  renowned,  however,  through  all  Sonora,  for 
its  wonderful  and  inexhaustible  layers  of  rock  salt  It  is  stated  that 
this  precious  material  is  stored  up  there  in  immense  masses,  and 
arranged  under  a  diversity  of  strata  varying  in  all  tints  and  colors. 
The  group  of  the  Cerros  de  la  Salada  is  most  probably  connected  with 
the  salt  region  of  Finecate. 

After  passing  the  Salada  mountains  a  wide  waterless  desert  stretches 
oat,  studded  with  a  number  of  isolated  little  peaks  and  mounds  of  every 
size  and  shape,  partly  formed  by  our  well-known  felspathic  rocks,  and 
partly  by  igneous  masses  either  trappitic,  amygdaloid,  or  porphyritic. 
Southward  this  desert  is  bounded  by  low  ridges  and  gradual  risings  of 
the  diluvial  main,  and  to  the  north  and  west  by  bold  sierras  alternately 
constituted  of  the  before-mentioned  volcanic  and  plutonic  rocks.  West- 
wards, at  a  distance  of  about  thirty-five  miles,  a  very  rugged  cordillera 
called  Sierra  del  Tule  limits  this  desert,  but  only  to  connect  it  by  an 
intermediate  narrow  strip  of  desert  with  the  great  Colorado  waste. 
Few  insects  and  reptiles,  fewer  birds,  and  still  fewer  quadrupeds  scan- 
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tilj  animate  these  forsaken  regions,  which  death  seems  to  hold  under 
his  seal.  No  reliable  water-places  invite  the  traveller  on  these  plaiDs 
to  a  short  stop  so  as  to  recreate  himself  and  his  worn-out  animak 
^  Either  fij  or  die ! "  stands  before  his  mind,  and  even  animals  have  the 
same  warning,  and  so  both  man  and  animal  exert  their  last  straigUi  to 
escape.  A  number  of  graves  and  skeletons  and  numberless  dried  op 
carcasses  along  this  road  can  witness  how  manj  lives  have  fiuled  in 
reaching  the  other  side. 

The  western  portion  of  the  desert,  between  the  Salada  peaks  and 
the  Sierra  del  Tule,  rises  towards  the  latter.  This  rise,  together  with 
an  immense  bed  of  black  vesicular  trap,  commences  in  the  plajas  d 
those  charcos,  in  the  centre  of  the  plains,  where,  a  short  time  after  a  rain, 
water  maj  be  found.  Hence  little  black  mounds  and  small  white  peab 
increase  in  number,  acquiring,  gradually,  a  more  elongated  shape,  and 
turning  finally  into  low  and  abrupt  sierritas.  On  drawing  nearer 
towards  the  Sierra  del  Tule,  the  sierritas  increase  in  size  and  number^ 
and  form  parallel  outworks  of  the  Sierra  Tule  itself. 

The  huge  crest-masses  of  this  range  appear  like  the  white  and  blad 
heads  of  long  ocean  waves,  suddenly  arrested  and  crystallized  when  in 
the  midst  of  a  chaotic  uproar,  thus  telling  their  mythic  tales  of  past 
eras.    The  upheaving  forces  employed  in  the  formation  of  this  sierra, 
or  rather  Cordillera,  left  one  uniform  but  nevertheless  very  eloquent 
mark  on  the  face  of  these  mountains.    The  combination  of  rocks  is 
also  very  simple,  consisting  only  of  those  black  and  white  masses,  in 
one  place  pressed  closely  together,  and  in  another  towering  up,  eadi 
one  taking  a  separate  shoot.     Dip,  strike,  cleavage,  and  lamination  are 
here  obscure  and  contorted  or  overthrown,  and  in  another  spot  distinct 
enough  to  be  traced  from  two  to  three  miles  distance.    Thus  we  are 
able  to  mark  one  mountain  block  formed  by  the  upheaved  comer  or 
edge  of  one  solid  bed  of  felspathic  sienite,  or  granite,  changed  into 
granitic  or  sienitic  lava,  or  into  regular  trachyte,  containing  quite  an 
amount  of  large  crystals  of  glassy  felspar.    A  singular  aspect,  too,  0 
presented  here,  by  mountains  of  such  crystalline  rocks,  which  had  pro- 
truded an  old  bed  of  vesicular  trap,  and  stand  now  like  giants,  wrapped 
up  in  the  torn  garments  of  dwarfs,  now  hanging  in  rags  round  (heir 
body.    The  morphological  features  of  these  gigantic  stonewalls  bare 
much  resemblance  to  the  ice  formations  of  the  arctic  oceans.    Similar 
causes  effected  similar  results  in  the  formation  and  crystallization  oe 
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(me  hand  of  pluto-rolcanlc  rodcs,  and  on  the  other  of  consolidated  aqiie- 
009  masses.  They  both  appear,  in  outline,  perfectly  alike,  and  so  we 
observe  here  ieefields,  hummocks,  packs,  icebergs,  and  there,  analogous 
m  shape,  beds  of  trappitic  lava,  contorted  peaks  and  pinnacles  of  por- 
phTritic  and  amygdaloid  rocks,  or  the  turned  up  edges  of  gigantic  beds 
of  metamorphic  rocks,  or  the  bell-shaped  domes  of  trachyte,  all  together 
forced  upon  each  otheri  broken,  crushed,  shattered,  and  formed  over 
again.  Both  the  icy  and  the  rocky  bodies  float,  each  one  half  sub- 
merged, upon  an  ocean,  the  one  upon  the  salt  waters,  the  other  upon 
the  residue  of  a  diluvial  sea.  The  moving  medium  of  both  is  also 
somewhat  the  same,  and  adequate  to  the  masses  to  be  worked  upon. 
Iliere  are  the  oscillatory  motions  of  the  sea  with  one,  and  the  vibra- 
tions of  the  earth's  crust  with  the  other. 

Much  like  the  Sierra  del  Tule  is  the  one  de  las  Tintgas  Altas,  de- 
serving, also,  like  the  former,  rather  the  name  cordillera.  The  petro- 
graphic  features  are  almost  the  same,  and  there  cannot  be  much  doubt 
bvit  that  both  are  placed  upon  one  base.  The  intermediate  flats  sep- 
aratmg  them  are  of  the  same  repeatedly  mentioned  desert  character. 
The  same  deadlike  silence,  and  the  same  dreary  desolation  pervade 
this  desert-chamber  placed  between  the  two  sierras. 

The  mountain  range  of  de  las  Tinajas  Altas  is  the  last  one  traversing 
North-western  Sonora  towards  the  Colorado  del  Oeste.  From  its 
erest  but  a  few  little  peaks,  reefs,  and  rocks  are  visible,  forming  the 
eastern  coast  of  the  Colorado  desert,  which,  after  this,  becomes  perfectly 
open.  These  orographical  studs  are  in  all  probability  but  the  crests  and 
peaks  of  a  submerged  sierra,  deeply  overlaid  by  that  same  drift,  which 
extends  fh>m  here  to  the  foot  of  the  Califbmian  Cordilleras,  a  distance 
of  130  to  140  miles.  The  direct  distance  from  the  Sierra  de  las 
Pini\jas  Altas  to  the  nearest  point  of  the  Colorado  may  be  set  at  forty-' 
five  miles. 

One  sheet  of  desert  then  stretches  down  to  the  banks  of  this  river, 
tmbroken,  and  only  traversed  in  its  middle  by  a  light  swell  of  the  same 
forsaken  sand.  We  incline  to  consider  this  rising  in  the  midst  of  the  des- 
ert, as  the  half-grown  bud  of  an  underground  sierra,  waiting  only  for 
nature's  command  to  rise  over  the  surface. 

After  a  closer  examination  of  the  geological  relief  of  North-western 
Sonora,  we  arrive  at  the  conclusion,  that  such  a  state  of  country  can- 
not be  considered  as  having  reached  its  physiographical  point  of  cul- 
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mination,  because  its  far  larger  portion  lies  buried  under  a  thick  veil, 
not  onlj  concealed  from  man's  eje,  but  also  inaccessible  to  those  more 
beneficent  agencies  of  creation,  which  alone  could  develope  organic 
life  upon  the  surface  of  this  vast  area,  at  present  condemned  to  but  a 
terrestrial  existence. 

Looking  back  over  the  mountains  just  now  passed,  we  see  them 
almost  invariably  dipping  east  and  north-east,  and  their  strike  facing 
west  or  south-west  So  we  consider  each  range,  sierra  or  cordHlera, 
as  the  edge  of  a  leaf  in  the  great  book  of  geogonj.  Few  of  them  have 
been  opened  so  as  to  allow  some  reading  on  one  or  the  other  page,  whilst 
the  greater  number  still  remained  closed,  just  with  their  edge  tamed 
up  a  little.  It  is  our  impression,  that  whenever  time  for  further  reve- 
lation shall  arrive,  these  mysterious  sheets  will  be  turned  from  the 
west  to  east. 

The  sierras  Madre,  Santa  Cruz,  Pajarito,  Santa  Barbara,  Santa  Rita, 
and  others  of  that  region,  have  developed  some  parts  of  their  geological 
history,  whilst  those  western  ranges  have  hardly  commenced  to  do  so. 
Earthquakes  are  not  uncommon  through  the  basin  of  the  California 
Gulf;  a  mud  volcano,  on  the  eastern  foot  of  the  Cordilleras  of  Lower 
California  is  still  in  activity ;  the  lower  Colorado,  itself,  is  almost  dry, 
and  active  to  change  not  only  its  banks,  but  also  its  innumerable 
bends,  of  which,  below  the  mouth  of  the  Gila,  exists  only  one  retaining 
its  original  shape  among  all  these  changes.  The  navigators  of  this 
river  call  it,  therefore,  "  the  permanent  bend." 

In  the  face  of  these  facts  we  cannot  doubt  that  this  country  has  not 
yet  passed  through  all  the  phases  of  its  existence. 

We  do  not,  however,  believe  that  any  great  and  violent  general  ca- 
tastrophe will  be  necessary  to  bring  the  things  to  pass.  A  long  con- 
tinued, perhaps  imperceptible  rise  of  country,  the  simple  increase  of 
elevation,  and  especially  the  enlargement  of  the  angle  of  inclination 
to  which  the  level  of  these  deserts  may  become  subjected,  might  aid 
the  torrents  of  the  mountains  and  the  sweeping  winds  to  dear  the  sur- 
face of  this  land  from  its  terrible  burden,  which  is  adverse  to  the  pur- 
poses of  man,  and  to  the  still  higher  ends  of  nature. 
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4.  On  the  Carbonipbrous  Limestones  of  the  Mississippi  Val- 
ley.   B7  Professor  James  Hall,  of  Albany,  N.  Y. 

AhstrcKL 

The  object  of  this  communication  was  to  show  tbat  certain  reliable 
and  well-marked  subdivisions  exist  in  the  carboniferous  limestone,  as 
it  ia  usually  termed,  of  the  Mississippi  Valley.  The  subdivisions  here- 
tofore proposed,  were  in  part  founded  upon  certain  supposed  charac- 
teristic fossils,  such  as  the  Archimedes,*  the  Fentremites,  etc.,  which, 
though  reliable  as  individual  species  in  their  geological  range,  are  not 
as  genera  characteristic  of  the  subdivisions. 

The  subdivisions  proposed  in  the  report  of  Dr.  D.  D.  Owen  were, 
first,  an  upper  and  a  lower  series,  each  of  which  was  again  subdivided 
into  several  distinct  beds  or  groups.  For  the  sake  of  comparison, 
rather  than  for  criticism,  this  table  of  formations  of  Dr.  Owen  is  here 
given. 

Professor  Owen^s  Table, 


Bitaminoos  shale 

Bed  of  coal  six  to  eight  inches  thick 

Upper  concretionaiy  limestone 

.    20  ft. 

Gritstones         ...... 

10  " 

Lower  concretionary  limestone 

.    30  « 

Gritstones         ...... 

10  " 

Magnesian  limestone          .... 

.     10  " 

Geodiferons  beds          ..... 

30  " 

Archimedes  limestones       .... 

.     50  « 

SheUbeds 

15  " 

.     15  " 

Reddish  brown  Encrinital  group  of  Hannibal 

70  " 

Encrinital  group  of  Burlington     . 

.     55  " 

Argillo-calcareous  group,  Evans'  Falls 

75  " 

The  above  represents  an  approximate  thickness,  as  given  by  Pro- 
fessor Owen. 


*  See  description  otFenesUUa  (Archimedes)  in  a  following  paper. 
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Professor  Swallow,  in  his  report  on  the  Geological  Survey  of  Mis- 
souri, subdivides  the  Carboniferous  limestones,  and  the  rocks  below  the 
coal-measures,  as  follows :  — 


Carboniferons 
limestones. 


E.  Lower  ooal-measnres 

F.  Ferraginoos  sandstone 

G.  St.  Louis  limestone 
H.  Archimedes  limestone 
L  Encrinital  limestone 

(J,  Chouteau  limestone     . 

^  -^  K.  Vermicular  sandstone  and  shales 
group. 


X 


Lithographic  limestones 


140  ft. 

195  " 

250  " 

200  " 

500  " 

70  ft. 

75  " 

60  « 

Under  each  one  of  these  divisions  are  given  numerous  localities,  when 
the  rock  is  well  developed. 

In  descending  the  Mississippi  River,  we  come  upon  the  lowest  and 
most  northerly  outcrop  of  the  limestones,  at  Burlington  in  Iowa. 

At  this  locality  we  have  the  following  section  in  the  descending 
order :  — 

1.  £ncrinital  limestone. 

2.  Oolitic  limestone,  fossiliferous. 
8.  Compact  arenaceous  limestone. 

4.  Fine  grained  argillaceous  sandstone  or  gritstone  with  casts  of 
Spirifer,  Chonetes,  Froductus,  Bellerophon,  Orthoceras,  etc 

5.  Green  shale.* 

The  entire  thickness  of  2,  3,  4,  and  5,  is  about  sixtj-five  to  seven^ 
feet ;  the  base  oC  the  green  shale,  however,  has  not  been  observed. 

These  members  <K)nstitute  the  Argillo-calcareous  group  of  Evans's 
Falls  in  Dr.  Owen's  section;  and  the  members  J.  K.  and  L.  of  Pro- 
fessor Swallow's  section.  The  higher  beds  of  these  strata  belong  to 
the  Chemung  group,  containing  the  same  fossils  as  the  rocks  of  that 
group  in  New  York  and  elsewhere,  and  have  been  carefully  traced 
throughout  the  intermediate  space.  It  is  quite  probable  that  in  strict 
parallelism  the  green  shale  of  Builington  and  Evans's  Falls,  which 
weathers  to  aJi  "  ash-colored  earthy  marlite,"  should  be  referred  to  the 
Portage  group,  since  here  it  lies  between  well-marked  Hamilton  beds 
and  the  Chemung.  And  it  is  likewise  probable  that  the  lithographic 
limestone  of  Professor  Swallow  will  be  found  more  closely  allied  with 
the  Hamilton  than  with  the  Chemung  group. 

We  have,,  however,  in  the  light-colored  friable  sandstones  of  the 
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Chemang  group,  a  well  marked  and  reliable  horizon.  The  Oolitic  bed 
is  more  closely  allied  by  its  fossils  with  the  Chemung  below,  than  with 
the  Eocrinital  limestones  above ;  though  between  the  latter  there  is 
often  no  well-marked  physical  line ; — so  gradual  and  imperceptible  is 
the  change  from  what  is  termed  Devonian  to  the  acknowledged  Car- 
boniferous rocks. 

The  Encrinital  limestone  of  Burlington,  or,  as  we  shall  hereafter 
term  it,  the  Burlington  limestone,  is  characterized  by  its  great  number 
of  Crinoids,  of  which  Drs.  D.  D.  Owen  and  B.  F.  Shumard  have  de- 
scribed numerous  species.  The  rock  is  in  a  great  measure  composed 
of  the  broken  and  comminuted  remains  of  this  family  of  fossils. 
Large  masses  of  the  rock  consist  almost  entirely  of  the  separated  but 
unbroken  joints  of  the  columns  of  various  species  of  Crinoids. 

This  rock  includes  the  '^  Encrinital  group  of  Burlington,*'  and  the 
'*  Beddbh  brown  Encrinital  group  of  Hannibal,''  in  Missouri,  of  Dr. 
Owen's  section ;  the  latter  being  in  no  respect  different  from  the  former, 
and  holds  precisely  the  same  position  in  the  series,  having  the  same 
beds  above  and  below  it. 

The  '^  Encrinital  limestone  "  of  the  Missouri  report  is  likewise  ideur 
tical  with  the  Burlington  limestone,  and  is  so  recognized  by  Professor 
Swallow. 

The  Burlington  limestone  is  succeeded  by  Cherty  layers,  with  inter- 
calated beds  of  light  gray  limestone ;  these  are  the  Keokuk  Cherty 
limestones  of  Dr.  Owen.  They  have  a  thickness,  altogether,  of  sixty 
to  one  hundred  feet,  and  constitute  the  beds  of  passage  to  the  next 
dirision  of  the  limestones.  These  cherty  beds  form  the  rapids  above 
Keokuk,  so  well  known  in  the  navigation  of  the  Mississippi  River. 
These  constitute,  also,  the  so-called  Silicious  formation  of  Tennessee 
and  Alabama. 

The  second  important  limestone  is  recognized,  both  in  the  section  of 
Professor  Swallow  and  Dr.  D.  D.  Owen,  as  the  "  Archimedes  lime- 
stone," from  containing  the  Archimedes  of  Lesueur,  a  Bryozoum  of 
the  Fenestella  family,  with  a  spiral  axis. 

On  descending  the  Mississippi  River  this  limestone  is  found  at 
Dallas,  at  Appanoose,  and  opposite  to  Madison,  and  at  Nauvoo,  Illinois, 
and  is  largely  developed  at  Keokuk ;  the  *'  shell  beds  "  of  Dr.  Owen 
forming  a  subordinate  member  of  the  mass.  The  fossil  Archimedes  is 
extremely  rare  in  all  these  localities,  as  well  as  at  Quincy,  Illinois, 
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where  the  lower  part  of  the  rock  is  seen  resting  on  the  cherty  beds 
which  separate  it  from  the  Barlington  limestone. 

This  limestone,  which  may  for  convenience  be  termed  tiie  Lower 
Archimedes  limestone,  or  Keokak  limestone,  contains  numeroos  dua*- 
acteristic  fossils.  In  the  upper  part  we  find  Archimedes,  rarely,  (^ 
thophyUi,  Spxrifer  stricUtis,  fish  teeth,  etc  Among  crinoids  are  Plaif' 
crinus  Sqffbrdii,  Actinocrtnus  Humboldlii,  Agaricocrinus  tuberostu. 

The  Keokuck  limestone  is  limited  above  by  a  mass  of  shales,  or 
marls  with  impure  limestones,  known  locally  as  the  ^Greode  bed," 
from  the  numerous  geodes  lined  with  quartz,  crystals,  dialcedony,  oak 
spar,  etc.,  which  it  contains ; — and  which  have  been  distributed  very 
widely  throughout  the  United  States.  This  mass  constitutes  the 
"  Geodiferous  beds  **  of  Dr.  Owen's  section ;  but  has  not  been  recognized 
in  the  Missouri  section. 

Succeeding  the  Geode  bed,  and  occurring  in  the  same  localities  near 
Warsaw,  Illinois,  at  Appanoose,  and  other  places,  is  a  bed  of  Magne- 
sian  limestone,  recognized  in  Dr.  Owen's  section  under  the  same  name. 

To  the  Magnesian  limestone,  which  has  a  thickness  of  some  ten  feet, 
and  is  doubtless  only  of  local  development,  succeeds  a  series  of  beds 
of  blue  "  marlites,"  with  intercalations  of  impure  limestones,  or,  io 
some  places,  impure  limestones  separated  by  seams  of  blue  marL  The 
upper  portions  become  arenaceous,  and  sometimes  contain  small  peb- 
bles, forming  the  "  Gritstone  "  of  Dr.  Owen's  section.  The  central  and 
principal  portion  is  highly  fossiliferous,  abounding  in  reticulated 
bryozoa ;  and  among  these  the  axis  of  a  species  of  Archimedes  occurs 
in  great  numbers  and  of  extraordinary  size  and  perfection.  So  abun- 
dant is  it  that  a  score  of  individuals  may  sometimes  be  seen  in  the 
space  of  a  few  feet  This  species  is  quite  different  from  the  one  in  the 
Keokuk  beds ;  being  more  robust  and  the  volutions  of  the  spiral  lip 
rapidly  ascending.  This  limestone,  in  some  localities,  contains  Pentre- 
mites  in  considerable  numbers. 

This  second  Archimedes  limestone  seems  not  to  have  been  recognized 
in  the  section  of  Dr.  Owen ;  and  judging  from  localities  cited,  it  ap- 
pears to  have  been  confounded  with  the  lower  Archimedes,  or  Keokuk 
limestone.  The  position,  however,  of  the  Warsaw  Archimedes  lime- 
stone is  above  the  Geode  bed ;  the  Archimedes  is  a  distinct  species, 
and  it  is  associated  with  several  species  of  crinoids,  fish  teeth,  etCy 
which  do  not  occur  in  the  lower  beds. 

The  arenaceous  bed  which  terminates  this  group,  and  which  like- 
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wise  contains  Archimedes  and  joints  of  crinoidal  columns,  is  sncceeded 
hj  a  light  gray  compact  limestone,  which  is  often  concretionary  or 
brecdated  in  its  structure.  Its  most  conspicuous  fossil,  in  many  local- 
ities, is  LUhottrotion  florifarme. 

This  limestone  is  termed  by  Dr.  Owen  the  "  Concretionary  lime- 
stone,** and  by  Professor  Swallow  the  **  St  Louis  limestone.*'  ♦  It  is 
the  same  rock  which  forms  the  low  diff  below  Keokuk,  near  the 
mouth  of  the  Desmoines  River,  and  at  St  Francisville,  Missouri ;  the 
greater  part  of  the  bluffs  on  the  river  for  some  distance  above  Alton, 
Illinois ;  the  limestone  of  St  Louis,  in  whole  or  in  part ;  the  limestone 
of  St  Genevieve ;  the  limestone  of  Prairie  du  Rocher,  Illinois ;  and 
in  part  of  the  bluffs  bordering  the  American  bottom  below  Alton. 
At  this  point  the  sections  of  both  Dr.  Owen  and  Professor  Swallow 
cease,  so  far  as  limestones  are  designated.  The  concretionary  lime- 
stone of  Dr.  Owen  is  succeeded  by  sandstones  and  shales  of  the  coal- 
measures  ;  which  is  the  true  order  at  the  mouth  of  the  Desmoines  and 
other  places,  but  not  universally  true.  In  the  section  of  Professor 
Swallow,  the  St  Louis  limestone  (concretionary  limestone  of  Owen)  is 
shown  to  be  succeeded  by  a  brown  or  ferruginous  sandstone,  F.  of  sec- 
tion in  Missouri  report ;  and  upon  this  rests  the  lower  coal-measures. 

This  order  is  likewise  true  in  some  parts  of  Missouri  and  of  Illinois ; 
but  it  is  not  everywhere  true  in  these  States.  The  ferruginous  sand- 
stone is  in  turn  succeeded  by  an  extensive  and  important  limestone 
formation,  which  consists  of  beds  of  limestone  of  greater  or  less  thick- 
ness, alternating  with  thin  seams  of  marl  or  shale,  and  in  some  parts 
heavy  bedded  limestone  of  considerable  thickness  without  shaly  part- 
ings, or  with  very  thin  ones.  The  group  embraces,  likewise,  one  or 
more  heavy  sandstone  beds,  and  a  mass  of  green  shale  or  marl,  more 
than  fifty  feet  thick  in  some  localities. 

This  formation  constitutes  the  limestones  of  Kaskaskia  and  Chester, 
Illinois ;  and  those  below  St  Genevieve  in  Missouri.  They  likewise 
occur  at  other  places  on  the  river,  and  form  the  greater  part  of  the 
Hmestones  of  Southern  Illinois,  and  Indiana,  and  those  of  Kentucky 


*  After  a  carefol  examination  of  the  locality  cited  by  Dr.  Owen,  I  am  unable  to 
find  a  **  iecand  concretionary  limestone ;  **  though  it  is  not  difficult  to  see  how  snch 
an  error  may  have  occurred  in  measoring  the  section  near  the  month  of  the  Des- 
moines BiTer. 
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This  limestone  is  likewise  known  as  the  Archimedes  limestone,  and 
sometimes  as  the  Pentremital  limestone  from  the  abundance  of  Pentre- 
mites  it  contains.  The  species  are  distinct  from  those  of  the  Pentre- 
mites  of  the  Warsaw  Archimedes  limestone.  This  rock  has  evidently 
been  always  confounded  with  the  lower  Archimedes  or  Keokuk  lime- 
stone, as  is  shown  by  localities  cited  in  the  reports  above-mentioned, 
and  in  other  publications  upon  Western  geology. 

The  species  of  Archimedes,  which  it  contains  in  great  numbers,  are 
quite  distinct  from  the  other  two  named ;  and  the  character  of  the  axis 
of  these  fossils  alone,  is  quite  sufficient  to  distinguish  the  rock  from 
either  of  the  lower  ones.  The  stratigraphical  position  of  this  rock  is 
most  clearly  defined  and  readily  determinable.  The  assemblage  oi 
fossils  is  quite  distinct  from  all  those  in  the  rocks  below,  and  there 
remains  no  reason  for  confounding  it  with  either  of  the  other 
divisions. 

In  following  down  the  course  of  the  Mississippi  River,  the  St.  Louis 
limestone  is  seen  to  pass  beneath  the  ferruginous  sandstone  F. ;  and 
upon  the  latter  rests  the  limestone  group  of  Kaskaskia  in  Illinois,  and 
of  St.  Mary's  in  Missouri. 

From  these  data  we  are  prepared  to  show  the  true  order  of  the  suc- 
cessive members*  of  the  carboniferous  limestones  of  the  Mississippi 
valley  in  the  States  of  Iowa,  Illinois,  and  Missouri,  and  also  in  Indiana, 
Kentucky,  Tennessee,  and  Alabama. 

The  following  section  illustrates  the  preceding  statements  regarding 
the  order  of  superposition  among  the  different  members  of  the  lime- 
stone series. 

Coal-measures. 

Kaskaskia  limestone,  or  Upper  Ar-  )  Kaskaskia  and  Chester,  HI. ; 
I       chimedes  limestone. 

Gray,  brown,  or  Fermginous  sand- 
stone overlying  the  limestones  of 
Alton  and  St.  Louis. 

"  St.  Louis  limestone."  Concretion 
ary  limestone"  of  Dr.  D.  D. 
Owen. 

"  Arenaceous  bed." 

Warsaw  or  Second  Archimedes 
limestone. 

*'  Magnesian  limestone." 

Soft,  sbaley,  or  marly  beds  with  geodes  of  quartz  chaloedonj. 


VIL 
VI. 


IV. 


m. 


Beds  of  Pas- 
sage. 


St.  Marys,  Mo. 

Below  St.  Genevieve,  Mo. ; 
between  Prairie  du  Bo- 
cher  and  Kaskaskia,  m. 

Highest  beds  below  Keo- 
kuk, Alton,  St.  Louis, 
St.  Genevieve. 

Warsaw  and  above  Alton, 
m. ;  Bloomington,  Sper- 
gen  Hill,  etc.,  Iowa. 
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„  (  Keoknk,    or    lower    Archimedes  )  ^    ,        ^  . 

^  I      limestone.  j  Keokuk,  Qmncy,  etc. 

Bed.  of  Pas- j"C^e^^^^^^ 

T  Burlington  limestone.  I  ^^^^^^  I^m ;  Qumcy, 

^'         \  ^  .  )      ni. ;  Hannibal,  etc..  Mo. 

r  Oolitic  limestone  and  Argillaceous  \  Burlington,  Iowa  ;  Honni- 

J      sandstone  of  the  Chemung  group  I     bal,  Mo. ;  and  other  lo- 

[     of  New  York.  J      calities. 

The  difficulties  which  have  occurred  in  the  way  of  a  reconciliation 
of  the  views  of  western  geologists,  have  arisen  in  part  from  the  fact 
that  these  different  limestones  have  not  an  equal  geographical  distribu- 
tion ;  there  being  no  point  on  the  Mississippi,  within  our  knowledge, 
where  a  section  at  right  angles  to  this  valley  will  embrace  all  the  beds 
here  enumerated.  The  limestones,  likewise,  change  their  character 
when  examined  in  a  north  and  south  direction,  owing  to  causes  which 
will  be  enumerated.  The  fossil  forms  which  have  mainly  been  relied 
on  for  characterizing  the  divisions,  have  been,  to  considerable  extent, 
only  of  generic  value,  and  specific  differences  have  not  always  been 
properly  recognized. 

In  the  geographical  distribution  and  the  changes  of  lithological  char- 
acter, at  different  points,  we  have  yet  much  to  learn.  These  successive 
formations  of  limestone  have  been  deposited  in  an  ocean  which  was 
gradually  contracting  its  limits  upon  the  north.  The  lowest,  or  Bur- 
lington limestone,  has,  therefore,  a  greater  extension  northward  than 
either  of  the  succeeding  groups,  and  its  gradually  thinning  edges  stretch 
far  towards  Iowa  City ;  near  which  latitude  was  the  northern  boundary 
of  the  ocean,  or  at  least  the  limit  of  its  animal  life.  Considerably  to 
the  southward  of  this  line  we  first  find  the  attenuated  northern  edges 
of  the  Keokuk  limestone,  mingled  with  much  earthy  sediment,  and 
often  consisting  of  a  few  thin  beds  of  encrinital  limestone  intercalated 
among  other  beds  of  an  argillaceous  character.  It  is  only  further 
south,  in  the  neighborhood  of  Nauvoo  and  Keokuk,  that  this  limestone 
first  exhibits  decidedly  its  characteristic  features.  The  limits  of  the 
ocean  which  admitted  of  rock  deposition  at  this  period,  never  extended 
so  far  north,  by  many  miles,  as  in  the  period  of  the  Burlington  lime- 
stones. 

The  Warsaw  Archimedes  limestone  appears  to  have  been  nearly 
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co-extensive  with  that  below,  so  far  as  known  at  present.  The  St 
Louis  limestone  extends  northward,  also,  nearly  or  quite  to  the  same 
distance,  but  only  in  a  thin,  brecciated,  or  conglomeratic  mass ;  and  it 
is  only  on  descending  the  valley  to  the  vicinity  of  Alton,  that  this  rode 
appears  in  any  considerable  force. 

To  these  beds  succeed  the  sedimentary  deposit  of  Ferruginous  sand- 
stone, which,  in  the  river  valley,  is  not  known  far  to  the  north  of  St 
Louis ;  while  the  succeeding  Kaskaskia  limestone  becomes  important  in 
the  neighborhood  of  the  Kaskaskia  River ;  and  is  known  in  the  interior 
as  far  north  as  Prairie  de  Long,  increasing  in  force  as  we  go  southward. 

We  have  most  clearly,  therefore,  the  evidence,  that  the  limits  of  the 
ocean,  admitting  of  calcareous  deposition,  was  gradually  contracting,  at 
least  in  the  direction  from  north  to  south,  leaving  the  more  southerij 
portions  as  the  areas  of  greatest  development  for  these  limestones, 
which,  in  the  successive  periods,  were  gradually  extended  farther  and 
farther  to  the  southward. 

Some  interesting  inquiries  are  suggested  by  these  facts ;  and  at  the 
same  time  they  afford,  in  some  degree,  the  solution  of  a  difficulty  which 
has  heretofore  been  unexplained. 

It  is  well  known  that  no  limestone  of  the  age  of  those  here  described, 
occurs  beneath  the  coal-measures  on  the  western  side  of  the  Appal- 
achian coal-field,  north  of  the  Ohio  River,  nor  upon  the  eastern  side  of 
the  same  field,  until  we  reach  the  central  portion  of  Virginia.  Tb« 
same  is  true  of  the  coal-fields  of  Nova  Scotia  and  New  Brunswick, 
according  to  Professor  Dawson;  the  northern  sides  exhibiting  no 
underlying  limestones ;  while  these  rocks  do  appear,  coming  out  from 
beneath  the  coal-measures,  on  the  south-eastern  side.  The  same  phe- 
nomena occur  in  regard  to  the  northern  portions  of  the  Illinois  and 
Iowa  coal-fields. 

At  the  same  time,  I  have  ascertained  in  the  most  satisfactory  man- 
ner, that  the  coal-measures  of  Iowa,  Missouri,  and  Illinois,  rest  an- 
conformably  upon  the  strata  beneath.  Whether  these  strata  be  the 
carboniferous  limestones  already  referred  to,  the  Devonian,  the  npper 
Silurian,  or  lower  Silurian  rocks ;  in  either  case  the  measures  are  un- 
conformable, differing  only  in  degree. 

It  would  appear  that  at  a  period  long  preceding  the  commencement 
of  the  carboniferous  limestone  deposit,  the  ancient  ocean  began  to 
contract  its  area ;  that  this  contraction  was  due  to  the  uplifling  of  the 
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older  rocks  upon  the  north ;  and  that  this  state  of  things  continued 
throughout  all  the  period  of  the  limestone  deposites.  That  during  this 
period,  or  at  its  close,  and  previous  to  the  deposition  of  the  coal-meas- 
ures, the  older  strata  becoming  uplifted,  and  at  some  points  broken  bj 
faults,  in  many  places  acquired  a  dip  of  from  ten  to  thirty  degrees ; 
that  denudation  had  worn  down,  to  some  extent,  the  inequalities  caused 
bj  this  uplifting  of  the  strata,  and  produced  other  irregularities  of  the 
surface. 

The  coal-measures  extend  much  farther  to  the  north  than  the  north- 
em  limits  of  the  carboniferous  limestones,  and  are  spread  out  over  the 
tbinningand  slightly  inclined  edges  of  these  beds,  and  over  the  more 
disturbed  and  more  highly  elevated  edges  of  the  rocks  of  the  preceding 
periods.  Thus  the  coal-measures  rest  respectively  upon  all  the  forma- 
tions, fix)m  lower  Silurian  to  the  carboniferous  limestones.  The  only 
explanation  we  can  offer  is,  that  the  area  of  the  ocean,  which  had  con- 
tracted up  to  the  time  of  the  coal  period,  was  afterwards  extended 
by  the  sinking  of  the  land ;  allowing  the  sandstones  and  shales  of  the 
coal-measures,  as  well  as  subordinate  beds  of  limestone,  to  be  spread 
over  much  wider  areas  than  the  preceding  formations  of  carboniferous 
limestone.  This  accounts  for  the  absence  of  the  carboniferous  lime- 
stone, in  the  northern  portions  of  all  the  coal-fields. 

It  is  true,  however,  that  the  carboniferous  limestones  of  Nova  Scotia 
have  a  more  northerly  extension  than  the  northern  limits  of  the  Appa- 
lachian coal-field ;  but  if  these  limestones  of  Nova  Scotia  be  of  the 
same  age  as  those  of  the  south-west,  their  occurrence  may  be  due  to 
the  direction  of  the  ancient  ocean  margin,  or  the  line  of  ancient  coral 
reefs.  It  appears  that  this  direction  may  have  been  from  the  south- 
west to  the  north-east,  at  least  for  that  portion  of  the  country  east  of 
the  Cincinnati  axis ;  while  on  the  west  of  that  line,  the  lower  carbonifer- 
ous limestones  make  a  northerly  bend,  as  if  at  that  period  the  valley  of  the 
Mississippi  admitted  of  a  more  northerly  extension  of  the  coral  reefs. 

This  view,  sustained  by  facts,  while  it  offers  a  general  solution  of  the 
difficulty  respecting  the  non-occurrence  of  carboniferous  limestones  on 
the  northern  sides  of  all  the  coal-measures,  at  the  same  time  suggests 
an  explanation  of  the  greater  accumulation  of  conglomerates  and  coarser 
materials  in  the  same  position. 

The  high  elevation  of  the  older  strata,  and  the  inequalities  of  surface 
on  which  the  western  coal-measures  rest,  prove  conclusively  that  ex- 
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tensive  denudation  had  taken  place  previous  to  the  coal  period ;  and 
this  fact,  connected  with  others  of  similar  character,  should  suggest  a 
caution  in  our  conclusions  regarding  the  vast  influence  of  modem 
denudation  upon  the  surface  of  the  globe. 

Among  the  remarkable  and  interesting  consequences  of  this  andent 
denudation,  it  is  not  unusual  to  find  depressions  among  the  indined 
strata  of  the  silurian  rocks,  filled  with  regular  coal  deposits,  Ijing 
usually  in  a  horizontal  position,  or  with  a  sh'ght  dip,  varying  from  that 
of  the  surrounding  rock.  These  outcrops,  which  sometimes  occur  in 
ravines,  have  all  the  aspect  of  regular  coal-measures,  whidi,  from  the 
direction  of  the  bed,  would  penetrate  the  bank,  but  which  are,  never- 
theless, cut  off  by  the  inclined  strata,  within  a  few  yards.  Isolated 
masses  of  this  kind  are  not  uncommon,  both  in  Iowa,  Illinois,  and  Mis- 
souri, lying  at  the  foot  of  elevations,  and  apparently  penetrating  the 
adjoining  elevated  ground.  In  the  latter  State,  these,  in  many  instances 
have  been  worked  entirely  out,  and  proved  to  have  no  connection  what* 
ever  with  the  adjacent  beds,  or  with  any  other  coal  in  the  vicinity.  • 

In  several  localities  on  the  Mississippi  River,  in  Iowa,  the  older 
rocks,  dipping  to  the  northward  at  an  angle  of  perhaps  ten  d^rees, 
present  the  outcropping  edges  at  points  more  or  less  distant  from  each 
other,  while  the  intermediate  space  is  occupied  by  strata  of  the  coal- 
measures,  lying  in  a  horizontal  position.  These  phenomena  have  been 
mistaken  for  faults ;  but  they  are  far  different  in  their  origin,  and  the 
coal-measures  have  apparently  never  been  disturbed  from  the  time  of 
their  deposition. 

Among  the  examples  of  this  kind  may  be  noticed  more  than  one 
between  Davenport  and  Le  Claire.  Within  three  miles  of  the  latter 
place,  Uie  strata  of  upper  Silurian  limestones  are  dipping  to  the  north- 
ward, and  between  two  points  of  outcrop,  horizontal  beds  of  coal  shale^ 
sandstones,  and  iron  ore,  occupy  the  spaces,  thus :  — 


a  a.  Oatcrops  of  Silarian  limestone^  as  seen  aboye  the  level  of  the  riTtr,  dlppmg 

at  an  angle  of  15<*. 
&.  Coal,  shales,  and  sandstones  lying  in  horizontal  position. 
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In  another  instance,  the  coal-measures  present  the  following  relation 
to  the  underlying  rocks :  — 


a  a.  Axis  of  Silurian  limestone. 

b.  Horizontal  coal-measure  strata,  traced  to  within  three  feet  of  actual  contact 
with  the  limestones,  which  dip  at  an  angle  of  30^. 

A  still  more  interesting  exhibition  of  phenomena  attendant  upon  this 
condition  of  the  strata  is  the  occurrence,  in  limestones  of  the  age  of  the 
Hamilton  and  Upper  Helderberg  groups,  of  rounded  or  irregular 
masses  of  clay,  like  the  underclaj  of  coal  seams.  These  masses, 
which  are  seen  in  sections  along  the  river,  and  in  quarries,  oflen  pre- 
sent simply  the  appearance  of  a  spheroidal  mass  of  clay.  Sometimes 
tlie  kirger  mass  is  traced  through  a  narrow  seam  to  a  connection  with 
another  similar  one  in  a  higher  bed  of  the  rock ;  and  it  not  unfrequently 
happens  that  these  clay  seams,  which  are  always  vertical  to  the  bed- 
dmg  of  the  limestone,  may  be  traced  to  the  surface,  and  the  clay  found 
mmgled  with  the  superincumbent  materials  as  if  having  a  common 
origin.  On  examining  the  surfaces  of  contact  between  the  clay  and 
limestone,  we  find  the  former  adhering  closely,  and  when  separated,  the 
limestone  still  retains  a  striated  coating  of  the  clay.  The  clay  is  lami- 
nated, and  the  laminations  are  curved  or  irregular,  but  never  parallel 
to  the  lines  of  bedding  in  the  limestone. 

A  single  instance  of  this  character  satisfied  me  that  these  masses  of 
clay  were  of  subsequent  deposition  to  the  limestone;  and  that  they 
filled  cavities  which  had  been  made  by  denudation,  like  modern  caverns 
m  limestone. 

This  example  was  in  the  vertical  face  of  a  quarry,  presenting  an  ele- 
vation of  thirty  or  forty  feet  From  the  loose  soil  above,  was  a  depres- 
sion at  the  surface  of  the  limestone ;  this  depression  was  the  commence- 
ment of  a  broad,  funnel-shaped  opening,  which  gradually  narrowed 
helow,  till  within  ten  feet  of  the  bottom,  where  it  spread  out  on  one 
side,  having  an  irregular  arched  roof  with  numerous  smaller  archings, 
and  an  unequal  floor.  Its  termination  to  the  lefl  had  in  part  been  cut 
oE    This  cavity  from  top  to  bottom  was  filled  with  hard  clay,  like  the 

(6) 
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underclaj  of  coal  seams.  At  the  mouth  of  the  funnel  it  was  of  a  red- 
dish brown  hue,  but  soon  became  of  the  ordinary  gray  color  below.* 
The  laminations  of  this  clay,  in  the  upper  part,  conformed  to  the  corra- 
tures  and  inequalities  of  the  roof  of  the  ancient  cavern,  and  exhibited 
every  appearance  of  having  flowed  in  while  in  a  semi-fluid  conditum; 
while  the  hydrostatic  pressure  of  the  mass  above,  operating  through 
the  deep  funnel,  had  forced  the  soft  clay  against  the  roof,  causing  it  to 
assume,  in  its  lamination,  the  same  curvatures  and  irregularities. 

In  the  midst  of  this  mass  of  clay  was  the  impression  of  a  large 
Euomphahu  ;  quite  distinct  from  any  fossil  known  in  the  surrounding 
rock,  and  very  similar  to  a  carboniferous  form.  The  shell  itself  I  did 
not  see ;  and  with  this  exception,  I  found  no  traces  of  fossils  in  theckj. 


aaa,  lamoBtone  of  Devonian  age. 

hhh,  Ash-oolored  clay,  similar  to  the  tinderclay  of  a  coal  seam. 

ec.  Gravel  and  yellowish  loam. 


*  The  reddish  brown  color  is  simply  due  to  infiltration  from  the  fermginoos  ^ 
above. 
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It  seems  impossible,  therefore,  to  resist  the  conclusion,  that  after  the 
uplifting  of  these  rocks,  the  denudation  of  the  surface,  and  the  wearing 
of  caverns  below,  the  materials  of  the  coal-measures  were  distributed 
over  the  surface,  filling  these  cavities,  and  depositing  the  successive 
members  of  the  coal  series  upon  the  older  rocks. 

If  anj  thing  were  wanting  to  complete  the  chain  of  evidence  and 
cany  the  most  conclusive  proof,  it  is  to  be  found  in  a  section  near  Iowa 
City.  In  a  cliff  of  limestone  of  the  age  of  the  Upper  Helderberg  of 
New  York,  where  the  strata  are  nearly  horizontal,  we  have  the  follow- 
ing phenomena.  Along  the  line  of  separation  between  two  beds  of 
limestone,  appears  a  black  band  extending  for  thirty  or  forty  feet ; 
beneath  this,  occupying  less  horizontal  extent,  and  partially  filling  a 
depression  excavated  in  the  limestone  beds  below,  is  a  thicker  layer  of 
clay,  precisely  like  that  filling  the  cavities  before  described,  and  of  the 
character  of  underclay ;  and  still  below  this,  occupying  the  depth  of 
the  cavity,  is  a  coarse  sandstone.  This  sandstone,  in  its  lines  of  lami- 
nation or  bedding,  follows  the  curvatures  of  the  limestone  upon  which 
it  lies,  gradually  filling  up  the  cavity  from  below,  and  extending  its 
laminae  above  as  the  space  becomes  wider.  Upon  this  comes  the  under- 
clay, filling  the  upper  and  broader  part  of  the  cavity,  and  having  a 
greater  horizontal  extent  than  the  sandstone  below.  Above  this  under- 
clay, and  stretching  for  several  yards  on  either  side,  filling  the  open 
seam  between  the  beds  of  limestone,  is  a  band  of  black  carbonaceous 
mud,  the  lower  part  slaty,  and  the  upper  part  having  the  character  of 
eannel  cod.  Here  we  have  all  the  phenomena  attending  a  coal-meas- 
nre  seam  of  coal ;  the  sandstone,  the  underclay,  and  the  seam  of  coal 
resting  upon  the  latter :  and  as  if  nothing  were  wanting  to  complete 
the  similarity,  the  slaty  portion  of  the  seam  contains  jUh  teeth  of  car- 
boniferous character.  All  this  is  inclosed  in  limestones,  which,  in  the 
State  of  New  York,  where  the  series  is  more  complete,  lie  at  a  depth 
of  more  than  5,000  feet  below  the  coal-measures. 

In  this  instance  the  explanation  is  clear  enough.  It  is  only  a  little 
more  complete  in  its  members  than  the  preceding  example,  while  the 
aperture  of  admission  irom  above  is  not  visible.  The  coarse  and  fine 
sand  were  first  transported  ;  and  falling  through  an  opening  in  the  rock, 
continued  in  deposition  in  this  cavity,  while  a  bed  of  similar  sandstone 
was  being  formed  outside,  and  upon  the  bed  of  the  sea.  This  ceased, 
and  then  came  the  underclay,  which  was  formed  in  like  manner  while 
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the  underclay  deposit  of  extensive  coal  beds  was  going  on.  Lastly 
appeared  the  carbonaceous  mud,  derived  from  a  coal  seam,  or  ^m  the 
materials  forming  one  of  the  seams  of  the  coal-measures. 


aaaa.  Limestone  of  DeYonian  age. 

hb,  Coane  sandstone  in  cnrred  laminss. 

cc.  Ash-colored  and  greenish  ash-colored  nnderclay. 

dd.  Coal  seam  with  shaly  mud  containing  fish  teeth. 

There  is  here  no  mingling  of  materials,  as  if  resultbg  from  the 
breaking  up  of  a  coal  seam  at  a  later  or  modem  period,  and  the  filtra- 
tion through  a  seam  into  the  rock ;  on  the  contrary,  every  part  is  as 
distinct  as  in  the  coal-measures  elsewhere,  and  it  could  only  have  re- 
sulted from  a  participation  in  the  causes  then  operating  to  produce 
those  extensive  beds  of  sand,  clay,  shale,  and  coal,  which  make  up  the 
coal-measures. 

It  should  not  be  forgotten,  moreover,  that  this  point  is  near  the 
northern  margin  of  the  coal-fields,  and  beyond  the  limits  of  any  pro- 
ductive coal  seam ;  a  few  isolated  patches  of  sandstone  and  shale  being 
all  the  remaining  evidences  of  the  existence  of  the  series  in  tfast 
vicinity. 

This  cavernous  condition  of  the  limestone  is  not  confined  to  the  im- 
mediate vicinity  here  described,  but  extends  over  large  areas  in  Illinois 
and  Iowa.  The  fissures  are  sometimes  partially  filled,  and  sometimes 
open. 

In  Wisconsin,  Illinois,  Iowa,  and  Missouri,  the  fissures  or  caves 
occupied  by  the  lead  ore  are  apparently  of  similar  character  and  origio; 
the  period  of  their  production  being  a  point  for  discussion.  What- 
ever may  be  said  to  the  contrary,  it  appears  still  very  certiun  that  these 
lead-bearing  fissures  have  no  connection  with  the  rock  below ;  and  also^ 
that  the  character  of  the  fissures,  with  the  material  filling  them,  indi- 
cates an  action  from  above.    That  these  cavities  were  excavated,  and 
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fitibseqaentlj  filled  or  partially  filled  with  the  ores  of  lead,  zinc,  or  iron, 
bj  infiltration  from  above,  as  stated  elsewhere  by  the  writer,*  seems  as 
well  settled  a  problem  as  that  the  coal  seam  just  noticed  is  due  to  infil- 
tration from  above. 

The  age  of  the  rock  in  which  the  lead  occurs  is  not  a  question  af- 
fecting the  origin  of  the  mineral  matter;  for  while  in  Iowa,  Wis- 
eonsin,  and  Illinois,  the  lead  rock  is  an  upper  member  of  the  Trenton 
limestone  period,  it  is  in  Missouri  the  calciferous  sandstone,  a  rock  far 
older  than  the  Trenton  period.  The  mode  of  occurrence  of  the  ore  is 
similar  in  both  places. 

The  fact  that  the  calciferous  sandstone  in  Missouri  is  the  lead-bear- 
ing rock,  and  that  sometimes  in  Upper  Iowa  and  Wisconsin  the  same 
rock  contains  some  lead  ore,  has  induced  the  belief  that  the  origin  of 
the  ore  is  from  below.  It  is  true  that  the  calciferous  sandstone  is 
spread  over  large  areas  of  country  on  the  north  of  the  productive  lead 
region  of  Illinois,  Iowa,  and  Wisconsin,  but  thus  far  it  has  yielded  no 
valuable  lodes.  It  is  likewise  less  cavernous  than  the  lead-bearing  or 
Galena  limestone,  and  far  less  so  than  the  same  rock  in  Missouri. 

From  what  we  know,  it  appears  that  neither  the  carboniferous  lime- 
stones nor  the  coal-measures  ever  extended  so  far  north  as  the  northern 
lead-bearing  rock,  while  these  strata  do  occupy  the  country  around  the 
lead  r^on  of  Missouri,  and  outliers  of  coal-measures  oflen  rest  direct- 
ly on  the  calciferous  sandstone,  the  lead-bearing  rock  of  that  State. 

There  is,  therefore,  a  strong  evidence  in  favor  of  regarding  these 
fissures  and  caverns,  whether  filled  or  otherwise,  as  having  been  formed 
during  the  'Carboniferous  period,  and  previous  to  the  deposition  of  the 
ooal.t 

*  The  same  views  in  reference  to  the  origin  of  the  lead  ores  axe  entertained  and 
hare  been  published  by  Mr.  J.  D.  Whitney. 

t  In  making  this  statement  the  writer  would  not  be  understood  to  say  that  similar 
fissnies  and  cavems  may  not  have  been  produced  in  these  rocks  during  the  modem 
period,  through  the  drift  or  other  degrading  agencies^  which,  at  the  same  time,  may 
hare  removed  the  clay  or  other  mineral  matter  from  caverns  of  previous  date,  ren- 
dering the  determination  of  the  period  of  their  origin  a  matter  of  considerable  dif- 
ficulty. At  the  same  time  the  existence  of  the  fissures  filled  with  mineral  matter, 
accompanied  or  unaccompanied  by  a  peculiar  clay  quite  different  from  the  drift  ma- 
terials of  the  region,  or  filled  with  this  clay  alone,  or  with  indurated  clay  like  the 
underclay  of  coal  se&ms,  either  with  or  without  the  presence  of  sandstone  and  coal 
all  point  to  a  period  long  anterior  to  that  of  the  modem  drift. 

(6») 
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The  elevating  forces  which  have  raised  the  precarboniteroas  strata 
to  their  present  inclination  throughout  the  West,  have  had  a  determi- 
nate direction ;  and  this  direction  has  been  from  north-west  to  south-east^ 
parallel  to  the  great  mountain  ranges  on  the  west,  and  nearly  at  a 
right  angle  with  the  Appalachian  chain  on  the  east.  So  far  as  my 
opportunities  permitted  the  determination,  the  general  direction  is 
north  40°  or  more  west 

In  descending  the  Mississippi,  we  first  notice  that  the  strata  rise  and 
fall  in  broad  undulations,  which  cross  the  direction  of  the  valley  from 
north-west  to  south-east     Still  lower  down  we  meet  with  more  abrupt 
anticlinal  axes ;  and  in  one  of  Aese,  at  the  Upper  Rapids  and  below, 
are  several  minor  plications.     Below  Davenport  there  is  oonsideraUe 
regularity ;  and  between  this  point  and  Cap  au  Gris  are  again  broad 
undulations,  which  reveal,  successively,  all  the  strata  from  the  carbon- 
iferous limestone  to  the  lower  Silurian  rocks.     In  approaching  Cap  an 
Gris  from  the  north  there  is  a  gradual  rising  of  the  lower  strata,  so  that 
the  Trenton  limestone  is  beautifully  defined  for  some  distance ;  and  be- 
neath it  lies  a  magnesian  limestone  apparently  of  no  great  thickne^ 
The  dip  to  the  north-east  increases,  and  from  beneath  these  limestones 
the  sandstone  rises  in  a  bold  escarpment  continuing  for  three  fourths  of 
a  mile,  and  presenting  several  hundred  feet  of  thickness.     This  eleva- 
tion suddenly  declines  to  the  southward ;  and  we  find  the  Burlington 
or  lower  carboniferous  limestone  standing  vertically  by  the  side  of  the 
lower  sandstone.    The  limestone  soon  assumes  a  steep,  and  gradually  a 
more  gentle  dip  to  the  south,  and  the  succeeding  members  come  in  suc- 
cessively.    Thb  fault,  which  is  in  fact  an  anticlinal  axis,  has  a  north- 
west and  south-east  direction,  and,  according  to  the  observations  of  Mr. 
Worthen,  extends  far  into  Illinois. 

Below  St  Louis,  in  the  vicinity  of  Selma,  there  is  another  decided 
anticlinal  axis,  bringing  up  the  lower  sandstone.  According  to  the 
Missouri  report,  the  lower  limestones  and  sandstones  are  again  brought 
up  in  the  vicinity  of  Bailey's  Landing,  but  I  have  personally  examined 
the  strata  at  this  place  only  so  far  as  to  decide  that  the  upper  Silurian 
strata  appear  from  beneath  the  upper  Helderberg  and  Hamilton 
groups;  beyond  which  the  carboniferous  limestones  appear  to  com6 
in  unconformably  in  the  synclinal  axis. 

Still  another  axis  of  very  decided  character  brings  up  the  Trenton 
limestone  in  great  force  at  Cape  Girardeau,  on  the  Missouri  side,  and  at 
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Orchard  Creek,  below  Thebes,  on  the  IlliDois  side  of  the  river.  This 
axis  affects  all  the  southern  portion  of  Illinois,  below  a  line  drawn 
from  Foontain  Bluff,  on  the  Mississippi,  to  near  Golconda  on  the  Ohio. 
In  some  parts  of  its  course  this  axis  would  appear  to  have  a  direction 
of  nearly  north  35°  west,  and  south  85°  east.  In  a  country,  however, 
where  denudation  has  taken  place  to  such  an  extent,  and  succeeding 
strata  are  spread  over  the  uplifted  edges  of  those  below,  it  is  often 
difficult  to  determine  the  exact  direction,  until  traced  over  a  wide 
extent 

That  these  lower  axes  crossing  the  Biississippi  are  the  results  of  the 
great  movement  which  elevated  the  fundamental  strata  of  the  western 
mountain  chain,  we  can  have  little  doubt.  The  forces  that  there  acted 
upon  the  huge  pile  of  sedimentary  strata,  raising  them  into  high 
mountain  chains,  here  operated  upon  a  thickness  of  a  few  hundred 
feet ;  and  we  may  have,  not  only  the  dying  out  of  the  elevating  force, 
but  also  the  diminished  thickness  of  the  strata  for  the  subject  of  its 
action.  If  the  force  which  elevated  the  Bocky  Mountain  chain  acted 
only  on  the  palaeozoic  strata,  the  greater  amount  of  material  in  that 
direction  would  give  greater  elevation  to  the  ridges,  which  under  similar 
force  would  die  out  in  the  Mississippi  valley  for  want  of  material  to 
be  elevated. 

The  discussion  of  this  part  of  the  subject,  however,  does  not  prop- 
erly enter  into  the  present  paper,  and  will  be  postponed  to  another  ac- 
casion.* 

A  few  words  may  suffice  to  express  for  the  present  the  general 
features  of  the  series  of  these  limestones  on  the  south  of  the  Ohio 
River.  All  the  members,  with  the  exception  of  the  higher  or  Kaskas- 
kia  limestone,  gradually  thin  out  to  the  south.  The  "  Siliceous  Group^* 
as  it  is  termed  in  the  Geological  Report  of  Tennessee,  lies  at  the  base 


♦  See  Introduction  to  Vol.  in.  Paleontology  of  New  York.  I  may  remark  in 
this  place  that  the  ohsenrations  made,  and  the  collections  brought  home  by  Cap- 
tain Stansbory,  from  the  Salt  Lake  region,  demonstrate  that  the  npper  carboniferous 
limestone,  in  an  unaltered  or  scarcely  changed  condition,  and  bearing  numerous 
fossils,  rests  unconformably  upon  metamorphic  rocks  of  older  date  corresponding 
with  what  is  so  well  shown  in  the  Mississippi  valley. 

The  topogn^hy  accompanying  these  observations,  also  shows  that  these  moun- 
tains of  limestone  have  a  nearly  north  and  south  direction ;  corresponding,  doubt- 
len,  with  the  direction  of  the  fundamental  axes  of  the  country. 
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of  the  carboniferous  limestone  in  that  State.  This  silioeons  gronp  is 
simply  an  extension  of  the  cherty  beds  lying  between  the  BurlingUm 
and  Keokuk  limestones,  represented  in  the  section  between  L  and  H, 
which  become  largely  developed  in  the  south.  The  Burlington  fime- 
stone  is  rarely  seen,  occupying  a  few  feet  of  thickness  beneath  the 
"  Siliceous  Group."  The  Keokuk,  Warsaw,  and  St.  Louis  limestooes 
have  thinned  out  so  far  as  to  form  no  important  feature  in  the  series, 
while  the  Elaskaskia  limestone  predominates  over  the  whole  coontrj; 
and  is  there  the  great  carboniferous  limestone,  yielding  its  abundanee 
of  Pentremites  and  Crinoids  throughout  its  extent  in  Tennessee  and 
Alabama. 


Note.  —  So  far  as  I  know,  the  first  notice  of  the  nnconformity  of  the  Werteni 
coal-measures  with  the  older  rocks,  was  brought  out,  at  the  Providence  meeting  of 
the  American  Association  for  the  Advancement  of  Science,  in  a  discussion  upon  a 
section  of  the  coal-measnres  of  Northern  Illinois,  presented  hy  Edward  Daniels, 
Esq.  This  gentleman  afterwards  visited  and  reexamined  the  locality,  and  commu- 
nicated to  me  the  following  section  as  confirmatory  of  the  views  I  had  there  ex- 
pressed.   The  communication  bears  date  of  November,  1855. 


a.  Galdfcroiu  nndatone. 

b.  Sfc.  Peters  mncUtone. 

e.  Trenton  and  Galena  limestone. 

d.  Ooal-measores  resting  unoonibmutbly  npun  the  rocks  below. 

In  a  Heport  upon  the  Mineral  Resonrces  of  the  Illinois  Central  Railroad,  bj  J. 
W.  Foster,  published  in  1856,  a  section  similar  to  the  one  above  is  given  ;  and  the 
credit  of  the  discovery  of  the  relative  position  of  the  two  series  of  rocks  is  there 
attributed  to  Dr.  Norwood,  the  geologist  of  Illinois.  It  is  certainlj  probable  that 
Dr.  Norwood  has  been  aware  of  this  fact  for  a  long  time,  and  the  writer,  in  conajnoo 
with  many  of  his  friends,  has  had  occasion  to  regret  that  Dr.  Norwood  has  not  long 
since  published  some  portion  of  the  accumulated  facts  of  many  years  of  investiga- 
tion. 

Although  aware,  for  several  years,  of  this  relative  position  of  the  lower  rocks  and 
the  coal-measures,  yet  I  was  never  so  fully  impressed  with  the  high  interest  and  im- 
portance of  the  matter,  until  I  had  carefully  followed  out  the  successive  membera  of 
the  carboniferous  limestone  series.  Disclaiming  any  desire  to  appropriate  the  dis- 
coveries of  others,  the  writer  has  presented,  in  the  preceding  paper,  the  fads  that 
came  under  his  own  observation,  and  the  conclusions  which  seemed  legitimately  de- 
dndble  therefrom. 
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I  should  do  injnstioe  to  mj  own  feelings  were  I  not  in  this  place  to  acknowledge 
the  ralaable  aid  rendered  to  me  bj  Mr.  A.  H.  Worthen,  mj  assistant  in  the  Geo- 
logical Sonrej  of  Iowa,  whose  intimate  acqoaintance  with  the  principal  localities  of 
the  carbooiferons  limestones  in  the  Mississippi  yalley,  enabled  me  to  accomplish  my 
inTestigations  in  much  less  time  and  with  far  more  satisfaction  than  I  should  other- 
wise hare  been  able  to  do  in  a  single  season.  We  explored  together  these  forma- 
tions as  fiur  as  the  month  of  the  Ohio,  after  which  Mr.  Worthen  carried  on,  under 
mj  direction,  the  obserrations  throogh  Tennessee  and  Alabama,  with  a  view  to  the 
recognition  of  the  groups  established  in  the  investigations  in  Iowa,  Illinois,  and 
Missouri. 


5.  Remarks  on  Niagara  Falls.  Bj  Professor  L.  R.  G3BES, 
of  Charleston,  S.  C.  (In  the  form  of  a  letter  addressed  to  James 
Hall,  President  of  the  Association.)* 

A  PAMPHLET  of  Desor's  t  has  lately  fallen  into  my  hands,  in  which 
he  opposes  your  view  of  the  condition  of  the  Falls  of  Niagara,  after 
a  supposed  recession  of  one  and  two  miles,  and,  arguing  from  the  rate 
of  recession  of  the  American  Fall,  since  the  time  of  Hennepin, 
expresses  the  opinion  that  the  falls,  instead  of  receding  at  the  rate  of 
a  yard  per  annum,  do  not  recede  a  foot  per  annum,  and  in  fact  that 
the  rate  is  a  mere  frcuUian  of  a  foot. 

Now  I  cannot  assent  to  his  applying  to  the  Canada  Fall  the  result 
drawn  from  the  American  Fall,  since  he  omits  to  take  into  considera- 
tion the  very  different  rate  of  recession  of  the  two  falls.  If  we 
assume,  what  is  generally  granted,  that  the  gorge  or  chasm,  from  the 
bluffs  at  Lewiston  to  the  Canada  Fall,  has  been  excavated  by  the  action 
of  the  falls  themselves,  then  there  must  have  been  a  period,  anterior 


*  This  paper  waA  communicated  to  the  President  of  the  Association,  at  the 
Albany  meeting,  with  a  request  that  he  would  lay  it  before  the  Association,  with  his 
comments.  For  want  of  time  and  ability  on  his  part,  it  was  not  brought  before 
the  meeting,  but  wa«  presented  to  the  Standing  Committee,  who  directed  that  it 
sboold  appear  in  the  proceedings.  —  J.  H. 

t  Extracted  ftom  Bulletin  de  la  Soc.  des  Sd.  Naturelles  de  Neufchatel.  Tome  HI. 
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to  the  division  of  the  fells  into  two  as  at  present,  when  there  was  but  a 
single  £ei11  extending  from  A  to  Adjust  below  the  American  Fall, 
whose  brink  was  along  some  irregularlj  curved  line  as  A  B  A'  resem- 
bling that  of  the  Canada  Fall  at  present,  or  along  some  irregular  line 
A  C  A'  approximating  to  the  straight  line  joining  A  A',  resembling  in 
this  particular  the  American  FalL  Then,  if  we  assume  that  the  river 
or  portion  of  the  main  stream  now  forming  the  American  Fall  did  at 
that  time  communicate  with  the  main  stream  by  the  outlet  A  D,  it  will 
Mow  that  while  the  centre  of  the  American  Fall  receded  from  B  or 
C  to  £,  the  centre  of  the  Canada  Fall  receded  in  the  same  interval 
from  B  or  C  to  F.  From  C  to  F  is  at  least  three  times  the  distance 
from  C  to  E,  and  from  B  to  F  is  about  four  times  the  distance  from 
B  to  £,  so  that  the  receseion  of  the  Canada  Fall  iSy  on  this  supposition, 
at  least  from  three  to  four  times  as  rapid  as  that  of  the  American  Fall. 

This  point  is  overlooked,  or  at  least  omitted,  by  Desor,  so  that  his 
resalt  drawn  from  the  American  cannot  be  applied  without  modification 
to  the  Canada  FalL  I  do  not  find  that  jou  have  anywhere  taken 
notice  of  this  inequality  of  recession,  or  alluded  to  the  causes  which 
have  produced  it,  nor  can  I  find  that  other  writers  on  the  topography, 
geology,  or  phenomena  of  the  falls,  as  Eaton,  Hayes,  or  Rogers,  make 
mention  of  it. 

Putting  aside  the  consideration  of  any  actual  inequality  in  time  of 
action,  that  is,  regarding  it  as  impossible  or  exceedingly  improbable  that 
there  should  have  been  any  natural  dam  or  continuous  obstacle  from  A 
to  D,  which  gave  way,  some  time  aAer  the  main  fall  had  passed  the 
point  D,  permitting  the  American  cascade  then  to  begin  its  fall,  there  will 
remain  two  causes  for  the  unequal  recession  of  the  two  falls.  These 
are  difference  in  the  volume  of  water,  and  unequal  facility  of  abrasion 
possessed  by  the  strata  of  rock  in  the  two  directions,  C  F  and  A'  A. 
Now,  do  either  or  both  of  these  causes  exist  ?  if  they  exist,  are  they 
sufficient  to  account  for  the  effect,  the  inequality  of  recession  ?  It  is 
twenty  years  since  I  visited  the  falls,  but  from  my  own  recollections, 
as  well  as  from  the  representations  of  visitors  and  the  impression 
given  by  views  of  the  falls,  there  can  be  no  doubt  that  the  volume  of 
the  Canadian  Fall  is  much  greater  than  that  of  the  American  Fall, 
and  not  only  in  length  of  the  circuit  of  the  brink,  but  in  depth  of  water 
also,  and  possibly  also  in  the  velocity.  With  regard  to  unequal  facil- 
ity of  abrasion  in  the  iwo  directions  I  know  nothing  but  what  the  falls 
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themselves  maj  sbow,  for,  as  I  have  said,  the  geological  obseiren  do 
not  appear  to  have  mentioned  it  That  there  is  an  oneqoal  fedlilj  of 
abrasion  in  different  directions  appears  to  be  indicated  by  the  present 
condition  of  the  falls.  It  is  a  very  remarkable  circumstance,  and  one 
whose  value  in  the  discussion  of  the  past  and  future  condition  of  the 
falls  does  not  appear  to  be  noticed  or  insisted  upon,  that  the  p(wat  A, 
the  northern  extremity  of  the  American  Fall,  the  point  F,  the  vertex 
of  the  Canada  Fall,  and  the  two  angles  of  Goat  Island,  D  and  G,  are 
nearly  in  a  right  line,  parallel  to  the  general  course  of  the  gorge  below, 
and  at  right  angles  to  the  general  direction  A  A'  of  the  brink  of  the 
fall.  It  would  appear,  therefore,  that  the  fall  which  had  excavated  the 
gorge  below  A  A',  in  a  certain  direction,  had  continued  this  excavation 
in  the  same  direction,  uninfluenced  by  the  presence  and  action  ofiki 
American  Folly  except  by  the  abstraction  of  that  body  of  water,  and 
had  now  assumed  the  position  F  H.  With  respect  to  its  future  condi- 
tion, the  Canadian  Fall  may  be  regarded  as  consisting  of  two  portions, 
the  one,  F  H,  corresponding,  in  its  relations  to  the  strata  beneath,  to 
the  original  fall  A  A',  and  the  other,  F  G,  in  like  relations,  correspond- 
ing to  the  American  Fall.  If  this  view  be  correct,  the  general  course 
of  the  Canadian  Fall  will  be  towards  the  point  I,  and  the  formatioa 
finally  of  a  fall  along  the  line  G  I,  whose  recession  will  be  slower  than 
formerly. 

During  the  interval  of  time  that  the  main  &11  was  receding  from 
A  A'  to  F  H,  a  distance  of  about  1,000  yards,  the  American  Fall  most 
have  receded  from  some  line  A  D  left  by  the  abrading  action  of  the 
main  fall  to  its  present  position.  The  amount  of  this  recession  Desor 
estimates  at  forty  yards,  and  this  gives  a  rate  of  recession  twenty-five 
times  greater  in  one  direction  than  in  the  other.  This  result  most 
be  reduced  on  account  of  the  gradual  development  of  the  American 
Fall,  while  the  main  fall  was  receding  from  A  to  D.  The  result  of 
this  gradual  development,  will  be  the  same  as  from  the  display  of  the 
whole  force  of  the  frill  for  half  that  time,  and  as  A  D  is  about  one 
third  of  A  F,  if  we  suppose  a  nearly  uniform  rate  of  recession  of  the 
main  fall,  the  reduction  will  be  one  sixth  of  the  whole,  leaving  the 
ratio  of  recession  as  1  to  20  or  21.  This  effect  can  scarcely  be  doe 
to  the  difference  of  volume  of  water  solely.  The  volume  of  wat» 
passing  over  any  linear  yard  of  the  brink  of  either  fall  depends  on  the 
velocity  and  depth,  and  I  have  no  means  of  ascertaining  either  of 
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fbese  fketors.  It  has  ^n  reported  that  -the  hull  of  a  ▼etsel,  sixteen 
feet  from  deck  to  keeV  was  sent  over  the  Canada  Fall,  that  die  deck 
was  level  with  the  water,  and  that  the  keel  met  with  no  obstruction  in 
its  passage ;  it  was  hence  inferred  that  the  depth  of  water  at  the  brink 
of  the  fall  was  at  least  twenty  feet  If  we  give  the  half  of  this  depth 
to  the  American  Fall,  which  I  think  is  not  too  great,  the  above  result 
would  require  a  depth  of  200  feet  of  water  at  the  Canada  Fall,  greater 
than  Urn  whole  height  of  that  &11, 156  feet  I  have  been  behind  the 
.Canadian  Fall,  and  proceeded  some  distance  along  the  ledge  of  rock, 
but  can  form  no  reliable  estimate  of  the  height  of  the  under  surface  of 
the  sheet  of  water.  It  can  scarcely  be  less  than  fifty-six  feet,  leaving 
100  feet  as  the  utmost  possible  depth  of  the  water  at  the  brink  of  the 
M;  this  would  give  but  five  feet  for  the  depth  of  the  American  Fall, 
which  surely  is  too  little*  I  know  of  no  observations  to  show  that  the 
vek>city  at  the  one  fall  is  much  greater  than  at  the  odier,  so  that*  there 
remains  only  the  unequal  resistance  in  different  directions  of  the  strata 
collectively,  to  account  for  the  remaining  part  of  the  effect,  and  this 
appears  to  be  required  to  explain  it,  thus  supporting  what  was  already 
inferred  from  the  rectilineal  position  of  the  four  points,  A,  D,  O,  and  F, 
that  the  rocks  do  resist  unequally  in  two  transverse  directions.  If  we 
assume  a&  above  ten  feet  for  depth  of  water  at  the  American  Fall,  and 
a  depth  four  times  as  great  for  that  of  the  Canadian  Fall,  which  does  not 
seem  extravagant,  also  a  velocity  at  the  latter  fall  twice  as  great  as  at 
&e  former,  it  would  then  require  a  resistance  two  and  a  half  times 
greater  in  one  direction  than  the  other.  Is  this  too  great  to  be  sup- 
posed ?  A  still  greater  relative  resistance  to  abrasion  would  be  re- 
quhred  if,  instead  of  comparing  the  fall  F  H  with  the  American  Fall, 
we  compare  it  with  the  other  partial  fall  F  6,  unless  we  suppose  in 
this  last,  a  depth  of  water  and  velocity  of  flow,  much  less  than  in  F  H, 
which  does  not  appear  probable. 

If  the  curved  form  of  the  Canadian  Fall  be  regarded  not  as  arising 
bcm  the  unequal  resistance  of  the  rock  in  different  directions,  but  as 
the  normal  form  throughout  the  course  from  A  to  G,  it  will  sUU  be 
true  that  the  main  fall  has  cut  its  path  of  nearly  uniform  width  and 
direction,  very  nearly  as  though  the  American  Fall  did  not  exist, 
the  vertex  receding  from  B  to  F.  The  ratio  of  recess  would  then  be 
as  40  yards  to  about  800  yards,  or  as  1  to  20,  and  reduced  one  fourth 
according  to  principles  given  above,  would  be  as  1  to  15,  which  would 

(7) 
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Still  require  a  resistance  in  the  line  of  direction  of  the  American  Fall 
nearly  twice  as  great  as  in  the  other,  showing  that  the  resistance  was 
greater  in  one  direction  than  in  another,  at  the  Americctn  FaU^  if  no- 
where else. 

Another  mode  of  explaining  the  inequality  of  recesaon  occars  lo 
me ;  to  snppose  the  effect  produced  bj  the  volume  of  water  is  not  pro- 
portioned to  the  volume  simply,  but  to  some  power  of  the  volume,  as  the 
I  power  or  the  second  power ;  but  still  the  continuity  of  the  line  A  D  6 
to  Fy  appears  to  me  to  require  the  supposition  of  a  great  ineqoality  of 
resistance  in  transverse  directions,  since  we  cannot  suppose  any  greH 
inequality  of  depth  or  velocity  in  the  two  partial  falls,  F  6  and  F  H. 

Good  observations  are  wanting  on  the  width,  depth,  and  velocity  of 
the  streams  at  several  points  above  the  two  falls,  in  order  to  estimate 
the  volume  of  water  passing  over  each,  also  of  the  velocity  at  or  near 
the  brink  of  each  fall ;  then  from  the  known  volume,  linear  length  of 
brink,  known  from  survey,  and  the  known  velocity  at  the  brink,  die 
depth  of  water  there  might  be  computed  for  each,  if  required.  The 
ratio  of  volumes  of  water  compared  with  the  ratio  of  recesaon  wooH 
show  how  far  inequality  of  resistance  entered  as  a  &ctor  in  the  final 
effect 

Besides  the  usual  modes  of  estimating  the  velocity  of  the  stream, 
such  as  the  space  passed  through  in  a  given  time  by  objects  floating  in 
the  stream,  etc.,  the  following  method  might  be  practised,  by  observer 
tions  on  the  parabola  described  by  the  cascades  at  different  points. 
Direct  the  centre  of  the  cross  wires  of  a  theodolite  to  the  summit  S  of 
the  curve  of  the  cascade  at  a  distance  from  the  instrument  known  by 
survey,  then  turn  the  telescope  through  a  known  horizantai  angle  to 
the  point  O,  then  depress  the  telescope  through  a  known  vertical  an^ 
to  a  point  P  in  the  stream  of  water  proceeding  from  S,  then  from  these 
known  angles,  and  the  known  depression  of  the  points  O  and  S  below 
the  centre  of  the  instrument,  and  the  distance  of  S,  find  the  lengths  of 
O  S  and  O  P  in  feet ;  then  will  the  required  velocity  v  at  the  point  S^ 
be  given  by  the  equation  v  »=  — :=rz.    The  chief  difficulty  will  be  in 

determining  the  point  S  or  vertex  of  the  parabolic  curve. 

The  points  I  have  sought  to  establish  in  the  preceding  paper,  on  the 
supposition  that  the  gorge  is  excavated  by  the  action  of  the  falls  them- 
selves, are  the  foUowing :  — 


GSOLOOT.  75 

1.  That,  fitnn  the  sameness  of  direction  of  the  sides  of  the  gorge 
above  and  below  the  American  Fall,  the  main  &11  has  cut  its  way  to  G 
independently  of  the  existence  of  a  lateral  stream  or  falL 

2.  That  the  recession  of  the  main  fall  is  not  less  than  ten  or  fifteen 
times  greater  than  that  of  the  American  Fall,  and,  therefore,  that  no 
deduction  from  the  recession  of  the  latter  is  applicable  to  the  former, 
without  modification. 

3.  That,  if  the  volume  of  water  at  the  Canadian  Fall  be  not  so  much 
as  ten  or  fifteen  times  greater  than  at  the  American  Fall,  (which  is 
unknown,  but  does  not  seem  to  me  probable,)  the  resistance  to  abrasion 
offered  by  the  strata,  in  the  direction  of  the  gorge,  must  be  less  than 
in  the  transverse  direction  at  the  American  Fall,  perhaps  not  half  as 
great 

4.  That  in  consequence  of  the  continuity  of  the  line  A  D  G  to  F, 
it  is  probable  that  the  abrasion  in  the  Canada  Fall  takes  place  chiefiy 
along  the  line  F  H,  and  that  the  recession  of  this  fall  will  be  in  the 
direction  of  the  line  F  I,  so  that  finally  the  Hne  of  brink  of  the  two 
fidls,  Canadian  and  American,  will  be  nearly  the  same,  along  the  line 
AI,  or  one  parallel  to  it 

PoSTSCEiPT.  —  Through  the  kindness  of  Professor  Hall  I  have 
seen  a  copy  of  his  note  to  be  appended  to  my  letter  to  him  on  the  Falls 
of  Niagara.  Only  a  few  additional  remarks  on  my  part  seem  to  be 
required. 

The  use  of  the  term  abrasion  may  not  have  been  judicious ;  I  desired 
to  express,  not  the  wear  of  the  rock  by  attrition  or  erosion,  by  the  mere 
friction  of  the  water,  but  the  whole  wear,  waste,  or  removal  of  the 
rocky  strata  by  the  mechanical  action  of  the  water  in  motion,  in  what- 
ever way  it  occurred ;  I  do  not  find  that  geologists  use  any  definite 
term  to  express  the  sum  or  result  of  these  actions,  nor  does  a  more  ap- 
propriate one  present  itself  to  me  at  this  moment  than  the  word  abrupt 
tioHj  to  express  it 

Before  venturing  to  offer  suggestions  with  relation  to  phenomena  that 
I  have  not  recently  examined  in  person,  I  of  course  prepared  myself 
hy  studying  the  accounts  given  by  others,  as  is  implied  in  my  letter, 
and  certainly  did  not  omit  to  read  carefully  Professor  Hall's  account  of 
the  falls,  and  of  the  geological  structure  of  the  precipice,  in  the  Report 
of  the  Fourth  Geological  District  of  New  York,  and  indeed  his  map 
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and  sections  of  the  &lls  were  constantly  before  me  whOe  writing ;  the  dip 
and  strike  of  the  strata  were  known  to  me,  as  also  the  position  of  ihe 
latter,  with  relation  to  the  line  of  brink  of  the  different  fiJls.  It  wasy 
therefore,  not  unknown  to  me  that  the  general  direction  of  the  goi^  was 
transverse,  or  nearij  so,  to  the  Hne  of  strike,  bat  I  did  not  allude  to 
this  point,  because  the  fact  of  unequal  resistance  to  abruption  in  de- 
ferent directions  was  first  to  be  proved,  and  because  if  proved,  I  did 
not  see,  nor  do  I  now  see,  how  it  might  depend  upon  the  positioa  of  the 
line  of  strike. 

By  the  phrase  ^unequal  resistance  to  abrasion  or  abmptioB,''  I  d6 
not  mean  unequal  hardness  or  difference  of  texture  or  of  structure  of 
the  rock  in  difierent  directions,  but  by  it  I  intended  to  express  the  bare 
fact  that  the  abruption  of  the  rock  proceeded  faster  in  one  direeCioii 
than  in  another,  after  making  due  allowance  for  the  difference  in  the 
volume  of  water,  leaving  the  cause  or  reason  of  this  more  rapid  pvo- 
gress,  for  further  investigation. 

I  by  no  means  hold  myself  pledged  to  support  the  hypoAesis  of  ■*  un- 
equal resistance,"  because  I  have  once  ofiered  it  If  the  view  of  PrtK 
fessor  Hall  be  correct,  that  the  dip  of  the  strata  southward  gives  an 
increase  of  depth  and  of  volume  of  water,  as  the  falls  recede,  safficient 
to  account  for  the  more  rapid  progress  in  the  direction  F  I,  then  the 
whole  effect  will  be  referred  to  the  most  obvious  causes,  the  voltune 
and  velocity  of  the  stream,  and  the  hypothesis  of  unequal  resistance 
will  be  unnecessary.  In  such  case,  I  shall  have  no  disposition  to  main- 
tain that  hypothesis,  as  I  can  have  no  reason  for  doing  so.  It  does 
not,  however,  appear  to  me  yet  proved,  that  the  increase  of  dip  is  sd^ 
ficient  to  account  for  the  difference  in  the  rate  of  progress. 

With  what  accuracy  the  depth  of  water  on  the  falls  can  be  ascer- 
tained from  the  rate  of  dip  of  the  strata,  or  the  particular  stratum  de- 
termined, that  forms  the  bed  of  the  fall,  I  cannot  presume  under  pres- 
ent circumstances  to  judge. 

Note — By  Professor  J.  Hall.  The  points  noticed  by  Professor  Gibbet  seem  to 
me  to  be  well  taken.  With  regard  to  the  rate  of  recession  of  the  fidls ,  no  one  caa 
presume  to  hare  aocnrate  data.  The  fiu^  of  recession  is  apparent,  and  prored  by 
obsenration  and  historical  records. 

The  general  direction  of  the  chasm  or  gorge  from  Lewiston  to  the  Canadian  FaD, 
is  in  the  same  direction  as  the  dip  of  the  rock.  This  will  be  seen  bj  reference  to 
the  map.    When  the  Mi  was  at  the  line  A  A,  of  the  accompanying  diagmn,  its 
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derttion  wm  aboat  the  tame  ai  the  Dorthern  maigin  of  the  Amoicaii  Fall  at  the 
present  time.  Supposing  the  strata  to  have  been  prerioaslj  unbroken  on  the  south- 
west, eyery  yard  of  recession  in  that  direction  would  give  a  greater  depth  of  water 
CTer  the  maigin  of  the  fall,  bj  the  rate  of  dip  in  the  rocky  bed.  The  recession  in 
this  direction,  therefore,  giving  a  constantly  increasing  depth  of  water,  would  give, 
also,  an  increased  Telocity  along  the  slope  above  the  fall,  owing  to  the  greater  de- 
clivity. 

Under  these  circumstances  the  recession  of  the  gorge,  in  the  direction  of  the 
Horseshoe  Fall,  would  continually  abstract  a  portion  of  the  water  flowing  in  the 
other  channel.  In  order  to  be  convinced  of  this,  it  would  only  be  necessary  to  ex- 
tend the  chasm  half  a  mile  further  in  the  direction  of  the  dip  to  show  that  no  water 
ooold  reach  the  American  Fall.    This  may  be  satisfactorily  shovm  by  a  diagram. 

The  character  of  the  upper  beds  of  the  Niagara  limestone  are  in  general  so  uni- 
form, that  we  can  scarcely  conceive  that  a  greater  facility  of  abrasion  is  presented  in 
one  part  than  in  another.  We  do  not  perceive  any  reason  for  supposing  that  the 
action  of  the  same  volume  of  water  could  have  been  more  effective,  when  applied 
hi  the  direction  opposite  to  the  dip,  than  when  applied  in  an  oblique  direction.  The 
recession  could  not  have  gone  on  to  produce  the  American  Fall,  without  giving  a 
greater  deptiii  and  increasing  volume  of  water  over  the  receding  Canadian  Fall. 

If  this  view  be  correct,  the  gradual  recession  of  the  Canadian  Fall  in  the  direction 
of  F  I,  is  inevitable,  since  the  depth  and  volume  of  water  must  constantly  increase 
as  the  elevation  of  the  fall  decreases,  until  the  whole  is  drawn  to  this  channel. 

It  is  not  impossible  that  some  inequality  of  surface  may  produce  another  fall,  on 
the  sonth  side  of  Goat  Island,  similar  to  the  American  Fall. 

It  appears  to  me  that  the  most  certain  naode  of  estimating  the  depth  of  water  on 
the  HorsesboeFall,  would  be  to  calculate  carefully  the  rate  of  dip  in  the  bed  (^  rock 
forming  the  first  step  in  the  precipice.  This,  if  accurately  measured,  for  a  few  hun- 
dred yards  below  the  fall,  and  its  rate  ascertained,  would  give  the  means  of  ascertain- 
big  the  amount  of  dip  after  passing  beneath  the  water  and  the  farthest  point  of  the  fall. 
With  this  determined,  the  elevation  of  the  surface  of  the  water  above  the  face,  from 
any  point  on  this  rock  below  the  fall,  would  determine  the  depth.  The  depth  of  water 
over  the  unbroken  table  rock  at  the  Horseshoe  Fall,  must  be  less  than  fifty  feet,  and 
Is  probably  much  less  than  that ;  while  on  the  American  Fall  the  water  is  very  shal- 
fow.  This  is  possibly  more  than  five  feet,  but  if  the  water  were  evenly  distributed 
over  the  entire  width  of  the  fall,  it  would  be  less  than  five  feet. 

One  &ct  should  not  be  overlooked  in  regard  to  the  resistance  and  abrasion  of  the 
rock  at  Niagara  Falls.  It  is  not  by  abration  simply,  of  the  upper  limestone,  that 
the  falls  recede.  The  limestone  overlies  a  soft  calcareous  shale,  which  is  easily 
affected  by  moisture  and  frost ;  and  the  erosion  of  this  shale  is  constantly  in  ad- 
vance of  the  limestone  above,  which  remains  as  an  overhanging  mass,  falling  in 
hnge  masses  from  its  own  weight,  and  the  pressure  of  the  water  above.  This  con- 
dition is  sufficiently  shown  by  the  fact  that  persons  walk  behind  the  sheet  of  water 
and  beneath  the  overhanging  limestone.  The  support  or  platform  beneath  the  feet, 
in  this  case,  is  a  stratum  of  limestone  beneath  the  shale,  which,  in  some  measure, 
tiipports  the  lower  part  of  the  shale,  and  projects  into  the  water  below  the  level  of 
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^  mer  at  the  bend  of  tbe  Horseshoe,  and  is  broken  down  in  masses  as  die  tod 
above  is  broken  down. 

The  geological  stractore  is  follj  explained  in  the  Report  of  the  FoarUi  Geologicsl 
District  of  New  York,  and  in  the  Journal  of  the  Boston  Society  of  Natoral  His- 
tory, vol.  iv.  p.  106. 

So  far  as  regards  the  points  sought  to  be  established  in  Dr.  Qibbes's  paper,  it  ap- 
pears to  me  that  the  first  and  second  are  clearly  proved ; — with  respect  to  the  thiid 
we  do  not  agree,  while  the  fonrth  I  regard  as  mainly  snstained. 

I  most  still  maintain,  in  opposition  to  the  views  of  Mr.  Desor,  that  the  bed  (tf  the 
Niagara  will  continue  to  ascend  as  the  falls  recede,  at  a  rate  which  will  preclude  for 
ever  any  drainage  of  Lake  Erie.  It  does  not  appear  necessary  to  repeat  heie  tU 
arguments  in  fkvor  of  this  view. 


6.  On  thb  Bboadtop  Coal  Basin  in  Cbntbal  Pennstlyanuu 
With  a  Map,  by  J.  P.  Lesley,  of  Pkiladelphia. 

The  first  descriptions  published  of  this  small  isolated  semibitumi- 
nous  coal-field  were  necessarily  very  imperfect,  mere  notices  of  ^e 
^t  of  coal  existing  at  several  points  within  a  radius  of  eight  or  tffn 
miles,  and  of  the  reason  why,  namely,  the  existence  of  a  deep  ejndi^ 
nal  in  the  heart  of  the  Upper  Silurian  region,  between  Hantingdon 
on  the  Juniata,  and  Bedford  Springs.  Afler  an  examination  of  two 
months  or  more  by  Mr.  Alexander  McEinley,  in  1838,  a  short  state- 
ment of  the  general  outline  and  supposed  subdivision  of  the  field  into 
small  parallel  troughs,  was  engrossed  by  Pn^essor  H.  D.  B<^r8  in 
the  Annual  Report  of  the  Geological  Survey  of  the  State ;  but  it  was 
impossible  to  say  at  that  time,  even  how  many  beds  of  coal  it  con- 
tained, in  what  way  the  dynamic  geology  would  develop  itself^  or 
what  were  the  actual  relationships  existing  between  the  carbooiferois 
formation  in  this  outlier,  and  in  the  main  body  of  the  bituminous  coil» 
field,  the  edge  of  which  along  the  summit  of  the  All^hany  Mountains 
is  about  forty  miles  distant  In  this  condition,  the  author  took  up  its 
study  in  the  spring  of  1855,  and  has  made  a  nearly  complete  survey  of 
the  seventy  or  eighty  square  miles  which  it  covers.  The  levels  of 
over  nine  thousand  points  upon  the  mountain  have  been  obtained,  and 
the  structure  made  out  with  a  fisiir  approximation  to  aoearaej.    Xi 
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another  season,  the  economical  operations  on  the  mountain  will  be  so 
multiplied,  tiiat  the  minutest  features  of  structure  will  become  known, 
and  a  complete  discussion  of  the  fossils  be  possible.  The  present  paper 
is  intended  to  present  only  the  fact  and  method  of  my  surrej,  with 
its  three  principal  results. 

1.  It  has  determined  that  the  succession  of  the  measures  is  not 
different  from  the  system  made  out  in  Western  Pennsylvania  and 
Eastern  Ohio.  ThM*e  is  a  base  of  Carboniferous  conglomerate  lying 
upon  the  Red  Shale,  from  one  to  two  hundred  feet  thick,  massive, 
homogeneous,  ferruginous,  seldom  oonglomeritic,  except  as  a  whole,  but 
always  in  certain  of  its  layers,  much  of  it  oblique  in  deposition,  and 
presenting  magnificent  expressions  of  a  cleavage  nearly  vertical, 
which  often  completely  masks  the  stratification. 

Over  this  is  the  series  of  lower  coal  beds,  then  the  barren  meas* 
ures,  and  over  all  the  Pittsburg  coal  bed,  the  beginning  of  the  upper 
series.  The  purple  shales  of  the  barren  measures  ar6>  however, 
wanting,  their  place  being  supplied  by  ferruginous  sandy  shales. 

The  coal  beds  are  mostly  identified  with  those  of  the  head  waters  of 
the  Ohio,  not  by  limestone  companions,  for  these  are  almost  entirely 
absent,  nor  by  beds  of  iron  ore,  which  are  rare,  and  on  which,  at  any 
rate,  little  reliance  can  be  placed,  —  but  by  their  order  in  the  series^ 
by  certain  general  characters,  and  by  their  relations  to  the  two  con* 
glomerates,  the  one  at  the  base  of  the  whole  system,  and  the  other 
at  the  base  of  the  middle  member  of  the  barren  measures,  a  rock  as 
wide  spread  as  the  true  conglomerate,  and  known  as  the  Mahoning 
Sandstone.  In  the  heart  of  this  rock  is  a  workable  coal  bed,  and 
between  it  and  the  lower  conglomerate  two  others,  with  four  or  five 
smaller  beds.  The  larger  beds  are  from  five  to  ten  feet  thick ;  the 
lesser  ones  from  one  to  three.  In  the  barren  middle  series,  which  is 
four  hundred  feet  thick,  are  several  very  small  seams  of  carbonaceous 
natter.  The  Pittsburgh  coal,  and  two  hundred  feet  of  the  upper  coal 
series,  with  no  woriLable  beds  as  yet  known,  but  with  one  thin  lime* 
stone,  the  representative  of  the  Iknestone  of  Greensburg,  (there 
eighty  feet  thick,)  occupy  the  four  geologically  highest  summits  of 
the  basin,  the  whole  thickness  of  coal-measures  in  which  is  about  nine 
hundred  feet 

2.  The  structural  results  of  the  survey  are  interesting,  for  they  ex- 
hibit in  cross  section  the.  whole  basin,  seven  or  eight  miles  wide, 


.  into  tiro  principal  troogbs,  and  these  nib- 
'  aynrftimtft  or  swampfli  by  a  ^gtam  of 
iU  bat  trmw&mM^  the  basins  at  a  low  an^ 
,  aft  in  the  Wyoaiing  and  other  coal^ieUs, 
Aale  vaOe  j%  thnngh  the  walls  of  eoogloinerate.  The 
nth  iiilwird  aovmal  terminal  knobfli 
Bed  Shafe  wmBej  of  Trongheredc,  bat  wath- 
lom^  the  crett  of  BiHighiiialL,  which  runs  werj 
Their  Mrength,  however,  m  the  Red  Shale 
I  lag^^nf  here  that  I  know  of  no  point 
^  woethj  of  ekborataon  than  tfaii 
•f  deiBaining  bj  a  adBcient  nondier  of 
^he  kw  of  the  changes  ondergooe 
t  of  mafl  aniic&nK  wherer^*  the j  pass  oot 
imo  the  eqnallj  nnanTe  but  oKwe  plastic  daj 
I  well  Pfmhrr  certain  verj  carioos  geomeCrical  speen- 
i  tfck  point,  flf  Mr.  James  D.  Wh^dey,  nearij  twenty 
years  ago,  which  he  was  led  into  by  his  dcTdopment  of  the  getdog^ 
of  the  PeansylTania  anthracite  coal-fields,  bat  which  there  was  bo 
possibility  at  that  time  of  demoostratii^  nor  has  there  be^  since.  I 
beliere  that  the  disooTcry  of  this  law  will  be  in  a  good  degree  the  set- 
tlement of  the  question,  whether  the  ware  theory  of  H.  D.  Bogere, 
or  the  pressure  theory  of  £lie  de  Beaumont  is  to  be  adopted. 

In  (his  connectioo  the  corves  of  a  broadtop  cross  section  are  Y&rj 
significant.     Looking  south-west  they  appear  thos :  — 


It  will  be  at  once  perceived,  that  the  sieep  slopes  are  commonly 
oppoied  to  the  normal  direction ;  that  is,  face  the  sooth-east  instead  of 
the  north-west,  and  to  my  eye,  present  every  evidence  of  an  (nigia 
purely  compressive,  and  not  of  an  origin  due  to  fluid  progresskm  in 
either  direction.  In  the  Terrace  mountain  alongside,  we  have  the  only 
instance  of  overturn  to  the  east  which  I  remember  to  have  seen.  I 
believe  that  in  this  matter  of  the  normal  curve,  we  have  been  mndi 
misled  by  making  our  sections  too  large,  by  not  measorii^  them  cue- 


faOj  enough,  bj  omitting  the  smaller  flexures,  or  fusing  them  into 
the  larger  ones,  and  bj  allowing  the  eye  to  be  captured  by  the  grander 
features  of  the  waved  line  which  has  thus  fallen  fancifully  into  ryth- 
mical sequences  and  series  of  advancing  waves.  Every  continuous 
Appalachian  cross  section  should  be  not  only  carefully  measured  in  all 
its  dimensions,  but  reduced  to  so  small  a  scale  that  the  genius  of  its 
carves  fVom  end  to  end  can  pass  at  once  under  inspection,  and  be  dis- 
cussed without  prejudice. 

The  abruptness  of  some  of  these  Broadtop  antidinals,  compared 
with  the  general  flatness  and  repose  is  very  remarkable,  and  is 
to  be  explained  so  far  as  I  can  see,  by  nothing  but  side  pressure.  No 
fiults  have  yet  been  discovered  exceeding  a  foot  or  two ;  but  crushes, 
etc  are  numerous  along  the  horsebacks.  The  coal  is  universally 
slipped  bat  seldom  crushed,  and  hitherto  has  been  found  not  only  hard- 
est but  thickest  in  the  steep  dips. 

A  very  interesting  fact  connected  with  the  formation  of  coal,  re- 
quires more  positive  proof  than  I  tan  at  present  give  it,  namely,  that 
the  sulphuret  of  iron  abounds  in  the  synclinah.  Miners  and  engine 
drivers  insist  upon  its  truth  that  where  the  bed  is  inclined  steeply,  the 
coal  is  purer,  and  where  it  lies  flat  the  coal  is  soft  and  comparatively 
rich  in  sulphur. 

d.  Hie  Pre-carboniferous  coal-measures  beneath  the  Red  Shale,  are 
represented  in  this  region  by  one  or  more  beds  of  black  slate  contain- 
ing a  little  coaL  The  subcarboniferous  limestone  and  iron  ai^e  also 
present,  but  not  in  much  force. 

I  hope  to  be  able  to  present  at  the  next  meeting  of  the  association^ 
a  perfect  map  of  the  region,  and  at  least  one  very  large  specimen  of 
a  vegetable  plume,  not  from  the  red  shale,  but  from  the  conglomerate, 
and  some  statement  of  the  palsBontology  of  the  basin.  As  yet  my 
attention  has  been  too  much  engrossed  by  the  details  of  topography  and 
structure,  to  pay  due  regard  to  any  thing  else,  nor  am  I  competent  to 
utter  an  opinion  w<Hih  the  consideration  of  ^msO  botanists,  until  the 
collections  which  I  have  begun  upon  the  mountain  shall  have  been 
studied  by  those  who  can  arrive  at  respectable  results. 
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7.    NOTE^    ON  THE    GsOLOOT   OF  MiDDLE    AND    SOUTHERN  All- 

BAHA.    By  Professor  A.  Winchell,  Ann  Arbor,  Michigan. 

During  a  residence  in  middle  Alabama  of  something  more  thta 
three  years,  I  enjoyed  occasional  opportunities  for  observation  upon  tlie 
cretaceous  and  tertiary  rocks  of  that  State.  By  request,  I  present 
some  of  the  results  of  my  observations  in  that  geologically  interest 
region.  I  cannot  promise  much  that  is  new,  but  perhaps  the  recent 
developments  of  the  great  extent  and  richness  of  the  cretaceous 
deposits  of  the  United  States  will  attach  some  degree  of  interest  to 
what  little  I  may  have  to  add  to  previous  information  in  reference  (o 
the  southern  bend  of  the  great  cretaceous  belt 

My  observations  in  Alabama  have  extended  from  Tuscaloosa  through 
the  counties  of  Pickens,  Sumpter,  Greene,  Perry,  Dallas,  Wilooz, 
Marengo,  Clarke,  Washington,  and  Monroe,  in  all  of  which  I  have 
travelled  by  private  conveyance,  and  almost  everywhere  preserved 
such  characteristic  fossils  as  presented  themselves.  I  have  visited  aD 
the  localities  along  the  Alabama,  Tombigby,  Black  Warrior,  and  Ca- 
haba  Rivers  that  had  been  rendered  famous  by  the  researches  of  mj 
predecessors,  and  have  preserved  sections  of  these  and  many  others 
taken  on  the  spot  I  always  kept  notes  in  my  carriage  of  every  thing 
observed,  and  from  these  I  extract  what  I  am  about  to  present  Hj 
geological  travels  have  extended  to  the  Carboniferous,  Silurian,  Cre- 
taceous, and  Tertiary  formations,  but  my  remarks  will  be  confined  to 
the  two  latter. 

The  accompanying  geological*  map  exhibits  at  once  the  extent  and 
the  results  of  my  observations.  The  following  Section  may  convey 
some  idea  of  the  geological  relations  of  this  part  of  the  State. 

*  Not  publiahed. 
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The  followmg  table  shows  the  principal  strata  which  I  have  recog- 
nized, arranged  in  the  order  of  superposition :  — 

L  Loam,  Pebbles,  etc.,  SnpeificiaL 


n.  White  Limestone, 
HL  Green  Sand, 


Eocene. 


IV.  Buhr  Stone,  }  -  _ 

V.  Buff  Sand,  j  Lower  Eocene. 

YI.  Prairie  Bluff  Limestone,     1 
Vn.  White  Sand,  |  Upper  Cretaoeoiis. 

yni.  Botten  Limestone,  J 

IX.  Ck>ncrete  Sand, 

X.  Loose  Sand,  Lower  Cretaceous. 

XI.  Sand  and  Clay, 

XTT.  Coal-Measnres,  Carboniferous. 

Xin.  Dark  Limestone  and  Slates,     Silurian. 

Omitting  for  the  present  the  superficial  deposits,  I  propose  to  con- 
sider, in  a  descending  order,  the  several  strata  enumerated :  — 

1.  The  White  IdmesUme. 

1  shall  not  take  the  time  to  recapitulate  what  is  already  known  of 
this  or  anj  of  the  succeeding  strata.  The  researches  of  Ljell,* 
Tuomejyt  Conrad,t  and  others  have  satisfactorilj  settled  the  relative 
age  of  the  bluffs  at  St.  Stephens  and  Claiborne,  but  I  am  not  aware 
that  any  geologist  has  noticed  anywhere  the  immediate  juxtaposition 
of  the  white  limestone  of  St.  Stephens,  and  the  continuation  c^  the 
Claiborne  sand-bed.  Professor  Tuomey,  in  his  "  First  Biennial  Report 
on  the  Geology  of  Alabama,"  p.  157,  says :  "  It  must  be  recollected 
that  the  Claiborne  fossiliferous  bed  is  nowhere  found  in  absolute  jox- 
taposition  with  the  overlying  orbilulites  limestone.** 

In  crossing  from  Jackson,  below  St  Stephens  to  Claiborne,  I  vinted 
Stave  Creek,  about  four  miles  north  of  the  main  road.  This  creek 
has  formed  high  vertical  bluffs  at  the  bottom  of  a  very  deep  ravine. 
At  this  place  I  had  the  satisfaction  of  seeing  at  top,  the  well  known 


*  Quart  Jour.  Geol.  Soc.  Feb.  1, 1S48. 
t  Bep.  on  the  Geol.  of  Ala.  p.  156. 
t  Jour.  Acad.  Nat  Sc.  [11.]  L  112. 
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white  limestone,  full  of  the  characteristic  fossils,  anderlaid  hj  bluish 
green  sand  filled  with  the  Claiborne  fossils,  and  at  the  base,  a  bed  of 
shale  precisely  as  at  Claiborne,  but  destitute  of  fossib.  On  the  land 
of  Joseph  Chapman  also,  a  few  miles  west  of  Macon,  (now  called 
Grove  Hill,)  in  Clarke  county,  some  of  the  branches  of  the  Satilpa 
Creek  have  excavated  ravines  to  such  a  depth  that  in  many  places  the 
Claiborne  sand  bed  is  exposed,  while  the  white  limestone  caps  the  hills 
above.  The  sand  in  these  places  is  quite  blue  and  the  fossils  are  very 
abundant  and  well  preserved. 

The  limestone  near  the  top  of  the  bluff  at  Claiborne  is  undoubtedly 
the  continuation  of  the  white  limestone  of  St.  Stephens  and  Clarke 
county ;  though  just  at  this  point  its  mineral  characters  are  not  so  well 
marked.  This  limestone  is  seen  thinning  out  near  the  top  of  the  bluff 
at  Bell's  Landing,  a  few  miles  above  Claiborne.  Below  is  the  green 
sand  bed  with  its  familiar  forms,  while  the  lower  half  of  the  bluff  is 
occupied  by  the  dark  shale,  seen  at  the  base  of  the  Claiborne  bluff. 
From  the  sand  bed  of  this  bluff  I  collected  uncommonly  large  specie 
mens  of  Turritella. 

None  of  the  writers  on  the  white  limestone,  so  far  as  I  have 
observed,  make  any  important  distinction  between  the  upper  and  lower 
portions.  At  St.  Stephens,  it  is  clearly  separable  into  three  sections. 
At  the  bottom  of  the  bluff,  the  limestone  is  compact,  gray,  and  inter- 
sected by  firmly  concreted  bands.  The  characteristic  fossil  is  Plagioi- 
toma  dumosum.  This  stratum  has  been  nowhere  ebe  observed.  The 
middle  portion  of  the  bluff  consists  of  well  characterized  white  lime- 
stone, containing  Pecten  PotUsoni,  SctUeUa  LyeUi,  and  S.  Hogersi. 
The  prolongation  of  this  bed  to  Bettis's  Hill,  near  Suggsville,  contains 
abundance  of  Oitrea  panda.  The  same  is  true  of  it  at  Claiborne. 
The  upper  portion  of  the  St.  Stephens  bluff  seems  to  me  to  present 
important  points  of  distinction  from  other  portions  of  the  white  lime- 
stone. It  consists  of  strata  of  white  hard  silicious  limestone.  It  is 
only  in  this  portion  of  the  bluff  that  Orbtlulites  ManteUi  occurs. 
These  silicious  strata  are  seen  capping  the  hills  everywhere  in  the 
neighborhood.  It  is  this  portion  of  the  bluff  which  is  used  for  build- 
ing, and  some  of  the  houses  of  the  ancient,  though  now  deserted  settle- 
ment on  the  bluff,  constructed  of  this  material,  are  still  standing. 
These  same  silicious  strata  are  seen  capping  the  hills  around  Joseph 
Chi4pman'8,  between  Clarksville  and   Macon.    They  contain  here, 

(8) 
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bAddes  OrbibditeSy  nomeroos  sharks'  teeth  and  spines  of  BcUftt,  as 
well  as  fragments  of  branching  corals*  It  is  seen  also  on  the  summit 
of  Bettis'  Hill,  west  of  Snggsyille,  and  here  contains  the  same  fbssOi 
as  in  the  latter  place,  while  the  zeaglodon  limestone  is  readflj  reoog* 
nized  below,  containmg  ScuUtUB^  Pteten  Povlsani,  and  Ostrea  panda^ 
quite  a  distinct  group.  For  these  reasons  I  would  suggest  the  possi* 
ble  i»*oprietj  of  recognizing  two  stages  of  the  white  limestone. 

2.  The  Green  Sand. 

I  adopt  this  term  from  Professor  Tuomej,  though  appareatlj  this 
deposit  would  be  better  characterized  as  blue  sand.  This  is  the  bed 
so  celebrated  bj  the  labors  of  Conrad  and  Lea.  As  already  stated,  I 
have  observed  it  in  the  beds  of  creeks  near  Macon,  and  in  the  bluff 
below  the  aetiglodcm  limestone  on  Stave  Creek.  It  is  also  seen  bj  the 
road  side,  a  few  miles  east  of  Suggsville.  The  color  of  this  sand  is 
decidedly  blue  in  its  western  prolongation,  while  toward  the  east,  ft 
becomes  gradually  more  ferruginous,  and  at  Claiborne,  it  is  of  a  dedded 
buff  color.  At  Bell's  Landing  above,  it  is  somewhat  greenish.  The 
palsBontological  characters  of  this  deposit  are  well  known,  and  I  have 
nothing  to  add  at  present  to  previous  knowledge.  Or^ndida  Urata 
seems  to  be  erne  of  its  most  abundant  and  characteristic  fossils  evoy- 
where  except  at  Claiborne.  Oetrea  Alabctmensie  I  have  not  found  al 
Claiborne,  while,  in  the  interior  <^  Clarke  county,  it  forms  extensive 
beds.  The  thick  bed  of  limestone,  which  underlies  the  sandy  bell  at 
Claiborne,  has  not  been  recognized  elsewhere.  Periiaps  its  iMcm^ 
rence  here  is  accidental. 

Our  geologists  have  generally  spoken  of  the  white  limestone  group 
as  belonging  to  the  Newer  Eocene,  while  the  green  sand  has  been 
placed  with  the  Older  £ocene.  I  would  not  for  a  moment  maintain 
an  opinion  discountenanced  by  the  venerable  and  accomplished  palsoB- 
tologist,  to  whom  we  are  so  greatly  indebted  for  our  knowledge  of 
American  tertiary  deposits,  but  I  cannot  help  presenting  here  to  con- 
sideration, the  fact,  that  at  Stave  Creek,  where  I  saw  the  zettgMm 
limestone  in  inmiediate  superposition  above  the  green  sand,  I  was  able 
to  trace  in  it  obscure  casts  of  the  identical  fossils  €i  tiie  latter. 
Among  others  which  were  too  indistinct  to  identify,  I  saw  l^trnteOa 
Mortoni  and  Candita  planicosta.  Still,  I  must  admit  that  these  two 
fossils  present  a  great  vertical  as  weU  as  horizontal  range  among  the 
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Soeene  rodu  of  Alabama,  and  their  identification  alone  might  not 
be  considered  snfficient  ground  for  uniting  the  green  sand  to  the  St. 
Stephens  Group  of  Conrad.*  At  anj  rate,  the  organic  origin  of  the 
white  limestone  is  clearly  shown  by  these  discoveries, 

8.  The  Bukr-'ifane  Formation. 

Professor  Tbomej,  in  his  report  already  referred  to,  gives  this  name 
to  the  clayey,  sandy,  and  silicified  strata,  which  oecupy  the  lower  por- 
tions of  the  Eocene  deposits  of  the  Southern  States.  I  present  the 
observations  which  I  have  made  upon  these  deposes  in  localities  not 
particularly  spoken  of  by  others. 

In  passing  from  Macon,  north-easterly,  I  saw  by  the  road  side  and 
everywhere  in  ravines,  about  six  mOes  from  Lower  Peach  Tree, 
■lasses  of  chert  or  homstone  filled  with  silicified  shells.  These  are 
aeooBtpanied  by  a  light-colored  day.  Similar  beds  are  seen  at  inter- 
vals as  far  as  the  Alabama  River,  on  the  road  towards  Camden,  but 
nowhere  oould  I  obtain  a  good  view  of  the  extent  or  mutual  relations 
df  these  beds.  Near  the  ferry,  at  Lower  Peach  Tree,  are  large 
masses  of  calcareous  grit,  oontaining  IkirrUeQa  Mortonij  Oardita 
plamcoita^  and  other  tertiary  fossils. 

Twenty-five  miles  east  of  the  Alabama  River,  on  the  road  from 
Honroeville  to  AUenton,  I  discovered  beds  of  day  and  grit,  corre- 
sponding to  those  seen  west  of  the  river.  At  eight  miles  below  Turn- 
bull  I  attained  a  hill,  descending  which,  I  saw  scattered  along  for  a 
quarter  of  a  mile  numerous  fimgmenta  of  calcareous  grit,  very  hard, 
and  rendering  the  road  exceedingly  bad.  In  this,  were  noticed  unpres- 
sions  of  Oardiia  pkm%eo9taj  and  other  fossils.  Further  down  the  hill, 
these  gritty  beds  are  underlaid  by  a  fissile  calcareous  day  or  rotten 
Ibnestone.  These  beds  are  similar  to  what  I  saw  below  Lower  Peach 
Tree,  bat  I  nowhere  saw  completely  silidfied  shells. 

The  country  along  this  road  is  exceedingly  broken  and  covered  with 
magnificent  spedmens  of  Pinus  poUuaUii.  In  the  bottoms  of  the 
vdleys,  between  the  ridges,  the  pine  disappears ;  the  woody  growth 
becomes  more  dense ;  the  Liquidambary  the  Fagu$,  the  Black  Gumj 
and  superb  MagnoKasskre  found  near  the  streams,  while  Quereus  nigroy 
•Q.  Unctorioy  and  Q.  lyratOj  are  noticed  a  little  more  remote  on  the  ao- 

♦  Proc.  Acad.  Nat.  Sd.  Vol.  Vm.  p.  257. 
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clivities.  The  evergreen  flora  is  ezceedinglj  rich.  Bex^  Oenum 
Caroliniana,  Gelsenium  sempervirenSy  and  Magnolia  grandifhra^ 
flourish  in  the  greatest  luxuriance  and  beauty.  The  streams  generallj 
flow  over  pebbly  beds,  and  the  springs  and  wells  furnbh  sweet  and 
wholesome  water. 

Above  TumbuU  I  noticed  again  at  intervals,  similar  beds  of  calcare- 
ous clay  or  rotten  limestone  for  a  distance  of  eight  miles,  but  I  oonld 
find  nowhere  any  included  fossils.  I  saw  similar  beds  twenty  miles 
further  west,  above  Black's  Bluff.  About  eight  miles  from  TombaH, 
I  came  upon  an  areno-argillaceous  limestone,  somewhat  hard,  and 
strewing  the  road  with  fragments.  I  saw  in  these  indistinct  casts  and 
impressions  of  shells.  Between  six  and  seven  miles  from  Allenton, 
this  rock  comes  to  the  surface,  and  fragments  are  strewn  over  the 
road  for  a  considerable  distance,  making  it  exceedingly  rough.  A 
section  is  also  exposed  on  a.  small  stream  near  Fox's  steam  saw-miD. 
It  comes  to  the  surface  again  at  five  and  a  half  miles  from  Allenton. 
At  ^v^  miles  I  saw  the  rock  again  in  its  former  soft  state,  containing 
more  clay  and  less  sand.  The  oak  along  here  becomes  more  abundant 
as  the  pine  diminishes  in  numbers.  At  one  mile  fix>m  Allenton,  traces 
of  the  same  rock  are  again  seen  near  the  surface  and  mingling  with 
the  ^  Bed  Loam.'*  At  half  a  mile  below  town,  several  sections  show 
this  rock  distinctly  in  a  laminar  and  scaly  state.  I  traced  these  beds 
to  town,  where  I  saw  fragments  of  the  same  mineral  composition  and 
firmly  cemented,  strewn  over  the  surface,  and  noticed  chimneys  built 
of  the  same  hard  rock.  About  three  fourths  of  a  mile  above  Allen- 
ton,  I  discovered  the  origin  of  these  hard  fragments.  Here  occurs,  on 
the  east  side  of  the  road  to  Carlowville,  a  semicircular  depressi^m, 
surrounded  on  three  sides  by  a  range  of  hills,  making  a  circuit  of 
nearly  a  mile.  All  round  the  rim  of  this  basin,  and  near  the  summit 
of  the  hills,  is  seen  a  shelf  or  ledge  of  rock,  curiously  projecting  and 
conspicuous.  On  examination,  it  proved  to  be  exceedingly  hard. 
Beneath  this  ledge  is  a  stratum  of  sofler  rock,  composed  of  sand, 
lime,  and  day,  with  scales  of  mica  conspicuously  shining.  On  examin- 
ing the  stratum  I  observed  faint  traces  of  shells  for  the  most  part  too 
obscure  to  be  certainly  identified,  but  I  could  easily  recognize  casts  of 
Turritella  Mortonu  Two  other  casts  were  doubtfully  referred  to  Cbr- 
dium  and  Oucullaa.  A  short  distance  further  on  I  discovered  a  most 
interesting  outcrop  of  this  sandy  stratum  consisting  here  of  loose 
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materials.  I  was  weU  repaid  for  a  minute  search  in  these  sands  by 
the  discovery  of  a  group  of  fossils,  on  the  whole  quite  distinct  fix>m 
any  elsewhere  observed.  Among  them,  however,  were  TurriteUa  Mar- 
Umi^BLd  others  from  the  Claiborne  group.  The  decidedly  strange 
aspect  of  the  collection,  however,  renders  it  probable  that  this  sand 
represents  a  distinct  stage  in  the  Lower  Eocene.  The  unrecogni£ed 
q>ecies  have  been  left  with  Professor  Tuomey. 

The  overlying  ledge  of  calcareous  grit  could  be  traced  to  a  point 
eight  and  a  half  miles  north  of  Allenton,  which  is  some  twenty-five 
miles  further  north  than  the  tertiary  beds  have  been  hitherto  recog- 
nized in  this  part  of  the  State.  From  this  point  the  landscape  had  a 
cretaceous  aspect,  but  the  vicinity  of  my  route  as  far  as  Carlowville 
was  deeply  covered  with  sand,  and  I  nowhere  saw  any  fossils. 

4.  Buf  Sand. 

The  strata  of  sand,  clay,  grit,  and  limestone,  described  above,  are 
grouped  together  by  Professor  Tuomey  under  the  designation  of 
Bohr-stone  formation.  But  I  believe  he  had  nowhere  to  the  west  of 
the  Alabama  River,  observed  the  fossiliferous  sand  bed  spoken  of  above, 
as  lying  at  the  very  base  of  the  tertiary  rocks,  and  embracing  shells 
and  Echinoderma,  which  as  a  group  are  so  distinct  from  the  Claiborne 
ftflsils.  It  is  this  bed  which,  for  the  sake  of  a  name,  I  designate  as 
Baff  Sand.  I  recognised  it  also  fifteen  miles  further  west  in  ascend* 
ing  a  hill  four  miles  below  Camden.  It  is  here  cut  through  by  the 
highway,  and  is  seen  to  consist  of  buff  and  gray  sand,  showing  oblique 
knnnation,  and  variously  intercalated  with  thin  laminae  of  blue  black 
day.  Higher  up  the  hill,  it  passes  into  a  bed  of  buff-colored  sand, 
fiiU  of  fosails  in  a  friable  state,  — tertiary  beyond  doubt,  but  too  imper- 
fect for  recognition.  Beyond  this  point,  and  seven  and  a  half  miles 
south  of  Camden,  the  same  soft  argillaceous  limestones  are  seen,  as 
overlie  the  buff  sand  between  Allenton  and  TumbulL 

Still  forther  on,  in  the  section  at  Black's  Bluff,  I  had  the  satisfao- 
^n  to  see  both  these  beds  in  juxtaposition  above,  with  cretaceous 
limestone  at  the  base  of  the  bluff.  This  bluff  (No.  5)  consists  of 
red  loam  and  pebbles  at  the  top,  which  are  strown  down  the  sloping 
^edivity.  Beneath  this  is  a  thick  bed  of  marly  clay,  soft  and  finely 
huninated,  presenting  precisely  the  characters  of  the  rock  seen  be- 
tween Tumbnll  and  Allenton.    Next  below  is  a  thin  stratum  of  white 

(8») 
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limestone.  Next,  a  thick  bed  of  buff-colored  sand,  so  obscured  bj 
detritus  from  the  top  of  the  bluff*,  that  I  was  unable  to  explore  it 
Finally,  at  the  base  of  the  bluff",  is  a  bed  of  sandy  limestone,  containing 
abundance  of  a  species  of  oyster,  which  I  8up{)osed  to  be  cretaceous.* 
The  relative  position  of  this  bed  of  buff  sand,  as  observed  at  Black's 
Bluff,  and  in  the  hill  below  Camden,  shows  it  to  be  a  prolongation  of 
the  sand  bed  seen  above  Allenton,  and  which  affords  a  group  of  de- 
cidedly distinct  tertiary  fossils.  For  the  reasons  above  given,  I  speak 
of  the  buff  sand  as  a  distinct  deposit,  older  than  the  buhr-stone  of 
Professor  Tuomey,  and  lying  absolutely  at  the  base  of  the  tertiary 
rocks  of  the  State. 

5.  Prairie  Muff  Limestone. 
This  is  the  limestone  exposed  at  the  top  of  the  section  at  Prairie 
Bluff  (No.  6).  I  have  not  been  able  to  identify  it  certainly  with  the 
sandy  limestone  at  the  base  of  Black's  Bluff.  This  limestone  at  Prai- 
rie Bluff  is  six  feet  thick,  and  white.  It  embraces  in  its  upper  part  a 
bed  of  dark-colored,  disintegrated  limestone,  four  feet  thick,  contain- 
ing obscure  casts  of  fossils ;  the  lower  portion  abounds  in  them,  and 
the  base  is  almost  entirely  made  up  of  Eocogyra  costcUa  and  Gryphma 
mutabilis,  in  a  very  fine  state  of  preservation.  Besides  these,  the 
following  fossils  come  from  this  limestone,  namely :  GryphcBa  convexa, 
Placuna  scabra^  TurrileUa  Mortani,  VoltUa  SayanOy  Scaphitet  (km- 
radiy  Ncmtiltu  Dekayi,  three  species  of  Hamites^  Pecten  5-<»stai9tSf 
Trochus  leprosusy  Plagiostoma  gregale^  Ostrea  plttmosa  Echinoderm- 
aia,  and  teeth  of  placoid  fishes.  This  limestone  is  well  exposed,  in  a 
ravine  a  few  rods  west  of  the  bluff,  as  well  as  at  Shell  Creek,  one  mile 
west  It  is  also  seen  in  a  section  made  by  a  stream  two  and  a  half 
miles  north.  It  is  exposed  by  the  road  side  above  Carlowville,  near 
the  ford  over  Cedar  creek.  I  have  not  seen  tertiary  beds  in  imme- 
diate superposition  above  this,  but  I  presume  the  Prairie  Bluff  lime- 
stone is  the  equivalent  of  the  Black's  Bluff  limestone,  and  is  the 
uppermost  member  of  the  cretaceous  series  of  Alabama. 

6.    White  sand. 
This  deposit  immediately  underlies  the  limestone  at  Prairie  BloC 

*  Professor  Tuomey  has  nnoe  infonned  me  that  he  regards  this  as  a  tertiaij  spedes. 
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It  consists  of  a  bed  of  loose,  ifght-colored  sand,  about  forty-five  feet 
thick,  intersected  irregularlj  by  bands  of  cemented  sand.  Its  most 
sbaodant  fossils  are,  Ostrea  hxrvOy  {fcUccUci,  Morton,)  Pecten  6'CostcUus, 
Grtfpkaa  vomer.  This  bed  also  is  well  exposed  at  Shell  Creek,  and 
at  the  stream  two  and  a  half  miles  above  the  bluff.  It  is  seen  near 
the  surface  at  Rocky  Bluff,  one  mile  above,  and  abounds  in  the  same 
fossils  as  before  mentioned,  though  the  Pectens  are  better  preserved 
here  than  I  have  seen  them  elsewhere. 

A  bed  of  white  sand  intersected  in  a  similar  manner  by  concreted 
bands  is  seen  at  the  surface,  some  thirty  miles  farther  east,  in  the 
neighborhood  of  Pleasant  Hill.  Major  Yassar  showed  me  whetstones 
of  good  quality,  which  he  had  manufactured  from  these  belts  of  sand- 
stone. I  have  seen  no  fossils  certainly  referable  to  the  sand  in  this 
vicinity,  but  Major  Yassar  described  a  fossil  which  I  recognized  as 
SphenditeSy  which  is  so  abundant  in  the  neighborhood,  that  wagon 
loads  of  these,  and  oyster  shells,  are  oAen  hauled  together  and  burned 
for  lime.  I  have  myself  seen  magnificent  specimens  of  SpheruUte$ 
collected  a  few  miles  farther  south ;  and  at  Prairie  Bluff  I  obtained 
valves  of  Exogyra  costcUa^  five  inches  in  diameter,  and  of  Oryph€ea 
mutabiUs,  seven  inches  across. 

7.   Rotten  Limestone. 

I  consider  the  rock  at  the  base  of  Prairie  Bluff,  as  the  uppermost 
portion  of  this  stratum,  though,  from  its  being  at  present  covered  with 
detritus  from  above,  and  overgrown  with  grass,  it  is  difficult  to  explore 
it  at  this  place.  Being  much  more  coherent  than  the  superincumbent 
strata,  the  latter  have  been  denuded  during  periods  of  high  water, 
while  the  silicious  stratum  at  base  b  lefl  in  the  shape  of  a  sloping 
platform.  A  few  miles  above  Pleasant  Hill,  on  the  Selma  road,  it  is 
beautifully  exposed  in  ravines ;  and  I  collected  here  the  largest  and 
best  preserved  specimens  of  Ostrea  plumosa  that  I  have  seen.  This 
limestone,  with  its  characteristic  fossils,  is  finely  exposed  in  the  cuts 
made  by  the  Chilatchee  and  Bogue  Chitto  Creeks  above  Prairie  Bluff. 
It  is  also  seen  at  the  high  bluff  at  Centerport,  on  the  Alabama  River, 
where  it  contains  CucuUoea,  The  inclined  plane  at  White's  Bluff  is 
cat  through  this  limestone ;  it  constitutes  the  bluffs  at  Cahaba  and  at 
Selma;  and  generally,  the  streams  in  all  this  region  have  formed 
deep,  perpendicular  cuts  through  this  limestone.     It  forms  the  basis  of 
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the  prairie  region  of  this  part  of  the  State ;  and  its  charaeteristic  fos* 
sils  were  first  broaght  to  light  by  Conrad,*  who  examined  it  in  the 
blnff  at  Erie,  and  other  localities  in  Greene  coantj.  Being  well 
known,  I  have  nothing  to  add  tb  the  citation  of  the  abo^e  localities. 

8.  Ooncrete  Sand. 
This  stratum  is  well  exposed  at  Choctaw  Blnff,  (No!  7,)  on  the 
Black  Warrior  river,  six  miles  below  Eutaw,  in  Greene  county.  I 
have  described  this  bluff  in  the  Proceedings  of  the  Cleveland  meeting 
of  this  Association.  This  stratum  consists  of  sand  cemented  bj  car- 
bonate of  lime.  It  nowhere  exceeds  two  or  three  feet  in  thickness, 
but  in  consequence  of  its  uniform  occurrence  everywhere  beneath  the 
rotten  limestone,  I  describe  it  as  a  separate  stratum.  At  Choctaw 
Bluff,  and  in  many  other  localities,  it  is  little  else  than  a  compact  mass 
of  Oitreidae  and  fish  teeth.  The  section  at  Fortune's  Ferry,  on  the 
Cahaba  river,  may  be  mentioned  as  very  similar  to  Uiat  at  Choctaw 
Bluff,  though  sixty  miles  distant  Half  a  mile  east  g£  the  village  of 
Hamburgh,  Perry  county,  is  also  a  locality  where  this  stratum  crops 
out,  and  is  an  excellent  place  for  the  collection  g£  shark's  teeUi. 

9.  Loose  Sand. 
This  is  a  bed  of  yellowish  gray  sand,  fifteen  feet  thick,  at  Choctaw 
Bluff,  and  much  thicker  at  Finches'  Ferry,  a  few  miles  above,  where  it 
occupies  the  upper  portion  of  the  section.  It  is  not  rich  in  fossils,  hot 
at  Choctaw  Bluff  it  abounds  in  fossil  drift  wood  often  completely  rid- 
dled by  the  fossil  Teredo  tihialis.  Professor  Tuomey  t  states,  that  at 
Finches  Ferry  he  has  found  Ammanitee  Delawarensis  in  this  stratnm. 

10.  Sand  and  Clay. 
The  bed  of  loose  sand  at  Choctaw  Bluff  and  elsewhere,  is  under- 
laid by  a  few  inches  of  green  sand  of  variable  thickness.  In  the  ra« 
vines  at  Mesopotamia,  in  Greene  county,  this  green  sand  is  advan- 
tageously studied.  I  have  .found  here,  between  included  lamina  of 
dark  shale,  the  remains  of  vegetables  appearing  like  the  stems  and 


*  Morton's  SjDop.  Organ.  Bern.  Cret.  Gronp  U.  S.  p.  21,  etc 
t  Beport  on  the  Geology  of  Alabama,  p.  118. 
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leaves  of  dicotjledonoas  plants.  Still  lower  in  the  series  we  find 
strata  and  thin  laminsB  of  dark  pjritiferous  shale,  alternating  with 
verj  thin  seams  of  green,  gray,  and  ferruginous  sand.  These  alter- 
nations are  well  seen  at  the  hase  of  the  hluff  at  Finches'  Ferry, 
(No.  8,)  and  throughout  the  whole  extent  of  the  hluff  at  Merri- 
weather^s  Landing,  a  few  miles  higher  up  the  river.  The  ohscure 
remains  of  vegetables  occur  everywhere  in  the  scanty  seams  of  sand 
throughout  this  series.  The  same  strata  are  frequently  exposed  in 
the  cuttings  for  the  highway  between  Eutaw  and  Tuscaloosa. 

At  about  eight  miles  above  Eutaw,  the  shale  becomes  softer,  the 
laminadon  disappears,  and  we  have  beds  of  light  clay  mottled  curi* 
oosly  with  blue,  red,  and  yellow,  reminding  one  forcibly  of  the  Keuper 
of  the  Grermans.  More  than  this,  we  find  along  the  road  sides  and  the 
mai^ns  of  ravines  in  the  upper  part  of  Greene  county,  large  masses 
of  red  and  poikilitic  sandstone,  exceedingly  compact,  and  used  for 
underpinning  buildings.  Add  to  this  that  very  many  of  the  Artesian 
wells  in  Greene  county,  which  penetrate  these  beds,  furnish  a  constant 
flow  of  salt  water,  showing  the  occurrence  of  local  deposits  of  salt ; 
while  the  deepest  borings  have  brought  up  abundance  of  quartcose 
pebbles,  and  we  have  four  well-established  facts  compatible  with  the 
supposition  of  the  trtassic  age  of  these  beds,  without  mentioning  the 
occurrence  of  vegetable  remains,  some  specimens  of  which  appeared 
to  me  indistinctly  allied  to  stems  of  Equi$etite$. 

These  beds  continue  without  much  change  to  the  very  suburbs  of 
Tuscaloosa ;  and  a  very  good  section  is  seen  at  Foster's  Ferry,  within 
a  few  miles  of  town. 

The  almost  total  absence  of  organic  remains  from  these  shaly  and 
poikilitic  deposits,  renders  the  determination  of  their  age  extremely 
uncertain. 

I  desire  in  closing,  to  record  my  great  obligations  to  Professor 
Tuomey,  for  the  kindness  which  he  has  at  all  times  shown  me,  and 
for  the  facilities  which  he  has  afforded  me  for  the  study  of  the  geology 
of  Alabama ;  and  to  express  the  hope  that  the  legislature  of  that 
State  will  place  it  in  his  power  to  complete  satisfactorily  the  survey 
which  he  has  in  charge,  and  to  work  out  the  results  in  as  scientific  and 
beautiful  a  manner  as  he  is  now  doing,  in  conjunction  with  Professor 
Holmes,  for  the  survey  of  South  Carolina. 
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8.  Statistics  of  some  Ahtesian  Wells  of  Alabama.    By  Pro- 
fessor A.  WiNCHELL,  of  Ann  Arbor^  Michigan. 

I.  The  alternating  beds  of  sand  and  shale  which  underlie  the  well 
known  ^  rotten  limestone  "  of  the  cretaceous  series  of  Alabama,  com- 
prise the  water-bearing  strata  of  the  region  of  the  Artesian  wells  of 
this  State.  The  general  surface  of  the  state  gently  rises  along  a  line 
at  right  angles  with  the  strike  of  the  cretaceous  rocks,  so  that  the 
lower  members  of  the  series  outcrop  at  successively  higher  levels.  In 
the  borings  for  Artesian  wells,  water  is  always  obtained  when  water- 
bearing strata  are  pierced,  whose  outcrop  is  at  a  higher  level  than  tlie 
point  of  boring.  In  individual  cases,  however,  the  water  has  failed  to 
rise  to  the  surface  in  consequence  of  the  local  elevation  of  the  site  of 
the  well.  In  such  cases,  other  borings  in  the  immediate  neighborhood, 
being  situated  at  a  lower  level,  have  been  successful 

The  majority  of  these  wells  are  situated  within  a  few  miles  of  the 
line  of  junction  of  the  "  rotten  limestone,"  and  the  subjacent  strata. 
On  the  limestone  side  of  this  line,  the  depth  of  the  borings  increases 
with  the  distance  of  the  well  from  the  line, —  varying  in  this  maimer 
from  one  hundred  to  nine  hundred  feet  and  upwards.  On  the  oppodte 
or  northerly  side  of  the  same  line,  the  depth  of  the  boring  varies  from 
two  hundred  to  one  thousand  feet,  in  a  manner  which  seems  to  depend 
on  the  local  elevation  of  the  place  of  excavation. 

It  would  be  interesting,  and  perhaps  instructive,  to  enter  into  a 
description  of  the  implements  and  machinery  employed  in  the  boring 
of  these  wells,  but  space  does  not  permit 

The  geographical  and  geological  positions  of  a  number  of  wells  are 
given  in  a  tabular  form  below.  In  the  separate  columns  are  found  the 
depths  of  the  respective  wells,  the  quantity  of  water  discharged,  and 
its  temperature  at  the  surface.  A^  the  end  of  the  table  are  found 
some  additional  statistics  relating  to  some  of  the  wells. 

An  examination  of  the  Section  on  page  83  may  help  to  convey  an 
idea  of  the  geological  positions  of  some  of  the  principal  wells  enumerated. 
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n.  Table  of  Astbsiak  Wells  ik  Middle  Alabama. 


N«. 

"t^ 

pcrmin. 

72 

LomOos. 

1 

470 

Jiinction  of  Maih  and  Water  sta.  Selma.    Limestone. 

8 

380 

100 

68 

Main  at.  N.  of  No.  1. 

3 

334 

40 

67 

"     N.  of  No.  2. 

4 

280 

12 

67 

Residence  of  Abner  Jones,  Esq.,  Selma.           " 

5 
6 

330 
409 

^  25 
230 

67} 

"  J.Lapsley/Esq., 
Fonndnr,  Selma ;  8lifl4itly  chalTbeate.               " 

7 

360 

300? 

67 

Machine  shop,  Sekna. 

8 

340 

100 

Hall's,                  "                                             " 

9 

350 

300 

67 

RnsseU  &  Beny's  brickyard,  E.  of  Selma;  chalybeate.  L. 

10 

360 

300 

66* 

Harrison's                    "                 "              Limestone. 

11 

67} 

Blerins  and  Edwards,  Selma.                              ** 

12 

275 

20 

Plantation  of  E.  P.  Watts,  Esq.,  near  Selma.     " 
)      "        of  Freeman  King,  Esq.,  5  m.  below  Cahaba,  oil 
)     the  E.  bank  of  Alabama  River.    L. 

13 

560 

250 

14 

560 

250 

15 

728 

1200 

77* 

The  "Great  Well"  at  Cahaba.    L. 

16 

90 

64 

Finches'  Fenr,  Greene  Co.,  above  maigm  of  Limestone. 
Johnston's  mill.  Finches'  Ferry. 

17 

258? 

St 

18 

285 

Dr.  Wither's  mill,  Greene  Co.    L. 

19 

360 

65 

«          (f               «         « 

SO 

415 

68 

BoliflW. 

Dr.  Wither's  mill.    L. 

SI 

420 

66 

82 

468 

66J 

€€                  U                U 

S3 

522 

70 

Canefield,  Boligee,  Greene  Co.    L. 
Capt.  Johnston%  Finches'  Ferry. 

24 

560 

71 

25 

544 

70 

Dr.  Perrin's,  Bnrton's  Hill,  Greene  Co.    L. 

86 

72 

Dr.  Clement's,  road  side,  4irm.  S.  of  Entaw.    L. 
Norwood  &  Cole,  14  m.  S.  W.  of  Entaw.  Highly  saline.  L. 

27 

28 

70* 
69? 

Col.  Pickens,  Warrior  river,  4  m.  S.  "            "              " 

29 

180 

Col.  Johnston's  horselot,  Einches'  Ferry,  Greene  Co.,  above 

Limestone. 
J.  W.  Hall's  plantation,  12  m.  S.  of  Entaw.    Limestone 

30 

420 

hare  abont  350  ft.  thick,  12  m.  from  its  margin. 

31 

70 

Mr.  L.  Dnffin's,  Newborn,  Greene  Co.  Highly  saline.  L. 

82 
33 

294 

294 

3 

20 

^ 

Livingston's,  Hambnig,*Pen7  Co.  ^  m.  alx>ve  edge  of  L. 

34 

330 

100 

69^ 

W^ver'^'s  min,      " 

35 

352 

100 

69 

If                      l<                               <(                                          u 

36 

Public  well  at  Entaw,  Greene  Co.,  ^  m.  above  L.    Sao 
Remarks. 

37 

69f 

Dr.  Clement's  2d  well  below  Eutow.  Saline.    L. 

38 

200 

67} 

aeavehmd's,  Springfield,  N.  of  L.    Water  was  reached 
at  190  feet. 

39 

555 

75 

Coort  House  well  at  Cahaba.    L. 

40 

400 

n 

BeU's  (Hotel)  weU 

S.  L.  Creswell's,  10  S.  W.  of  Entaw,  near  his  house.    L. 

41 

456 

42 

440 

71 

WeU  in  the  field  at  Creswell's  plantation.    L. 

43 

550 

^ 

Half  mUeN.of  No.41,Cx«sweU's.    L. 

44 

495 

Williamson  Glover's,  Greene  Co.    L. 

45 

216 

67 

Dr.  Childer's.  5  miles  W.  of  Selma.    L. 
Mr.  Strait's,  f  m.  W.  of  Clinton,  above  L. 

46 

394 

47 

150 

Dr.  Cochran's,  Sipsey  river;  above  L. 
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No. 

"•r- 

Gal.w. 

Temp. 

permin. 

Fah. 

48 

120 

49 

261 

50 

415 

51 

260 

52 

310 

53 

240 

54 

276 

55 

400 

56 

300 

57 

404 

58 

280 

59 

300 

60 

360 

61 

348 

62 

340 

63 

336 

64 

300 

65 

350 

66 

310 

67 

280 

68 

180 

69 

415 

70 

300 

71 

380 

72 

360 

73 

400 

74 

600 

Loestloa. 


Mr.  Craft's ;  abore.    L. 

Mre.  Bany's; 

Mr.  Raspberry's  1st  well;  aboye  limestone. 

Mr.  Campbelrs,  «' 

Dr.  Brackett's,  " 

Maj.  Whitsett's,  " 

Dr.  Rogers'  near  the  house  on  his  plantation  W.  of  CUa* 

ton.    lb. 
Dr.  Roars'  plantation,  Clinton,  Greene  Co.    lb. 
Mr.  Smith's ;  abore  the  Limestone. 
Dr.  Button's;    "       "  " 

John  Thompson's  1st  well. 

"  «/  2d     " 

At  the  church  in  Clinton,  Greene  Co. ;  abome  L. 
Maj.  Barry's 
Dr.  Winer's, 
Public  Well, 
Mr.  Brown's, 
Mr.  Copp's, 
Mr.  Walker's, 
Mr.  Sears', 

Public  well  at  Bridgeville,  Pickens  Co.,  above  L. 
Warsaw,  Sumpter  Co.    L. 
Mr.  Taylor's,  oelow  Warsaw.    L. 
Peter  Ware's,  7  m.  W.  of  Warsaw.  L.  Ist  well. 

"       2d  well. 
Miy.  Whitsetf  s,  W.  side  of  Bigby.    L. 
D.  White's,  Cooksyille,  Noxubee  Co.  Misa.    L. 


in.   Remarki. 

Nos.  1  to  11.  These  welb  are  in  and  about  the  city  of  Selma,  within 
a  distance  of  two  miles  from  the  foot  of  Main  (Broad)  street.  The  tem- 
peratare  of  common  well  water,  taken  at  the  same  time  with  the  tem- 
peratures of  these  wells,  wa«  sixty-four  degrees.  The  authority  fbr 
the  depths  and  quantities  of  water  discharged  from  these  wells,  is  Mr. 
Crow,  who  has  executed  the  boring  of  all  the  Selma  wells,  except  the 
one  at  the  foundry,  which  was  bored  under  the  superintendence  of  Mr. 
Campbell. 

The  following  is  Mr.  Crow's  statement  of  the  borings  of  well 
No.  1:  — 
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(1)  Clay,  sand,  and  gravel  .  ;       .        .        .27  ft. 

(2)  Blue  rotten  limestone 53  " 

(3)  Sandstone 6  " 

(4 )  Gray  sand  with  water     .......  6  " 

(5)  Blaeclay 18  " 

(6)  Bine  sticky  sand 24  " 

(7)  Blue  clay 17  " 

(8)  Green  sand 4  " 

(9)  Gray  sand  with  water 42  "    5  inches. 

(10)  Green  sandstone 11      '' 

(11)  Bine  clay 3  " 

(12)  Gray  sand  with  water 54  "    3      " 

(13)  Sandstone 7      " 

(14)  Bine,  grayish  sand,  with  water  frequent;  beds  of  blue  clay 

5  to  10  feet  thick 218   "  10      " 

Total  depth 470  " 

Size  of  the  bore,  6  inches ;  tubed  400  feet 

It  may  be  interesting  to  know  that  the  wells,  Nos.  2  and  8,  were 
first  bored,^  and  that  the  boring  of  No.  1  materially  diminished  the 
flow  of  water  from  the  former  two.  These  three  wells  are  within  the 
distance  of  one  third  of  a  mile. 

Mr.  Campbell,  who  bored  the  foanderj  weU,  No.  6,  and  is  said  to 
keep  a  register  of  all  his  borings,  has  furnished  for  No.  6  the  follow- 
ing results :  — 

(1)  "  Red  loam,  clay,  sand,  and  pebbles 372  inches. 

(2)  Hotten  limestone 420  " 

(3)  Soft  sand  rock  ["Loose  sand"] 48  " 

(4)  Concrete  of  sand  and  shells.    ["  Concrete  ^and "]          .        .  6  " 

(5)  Green  sand 24  " 

(6)  Gray  sand  and  water 72  " 

(7)  Hard  sand  rock 3  " 

(8)  Sand  and  shells 132  " 

(9)  2d  hard  rock .  9  " 

(10)  Green  sand 12  <' 

(11)  Botten  limestone.     [See  below] 48  " 

(12)  Blue  sand,  fine  and  firm 288  " 

(13)  Green  sand  and  water — 

(14)  Rotten  limestone.     [See  below] 180  " 

(15)  Green  sand  and  water 84  " 

(16)  Sticky  blue  sand  and  day 144  <' 

(17)  Green  sand 36  « 

(9) 
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(18 

(19 
(20 
(21 
(22 
(23 
(24 
(25 
(26 
(27 
(28 
(29 

(so; 

(31 
(32 
(33 
(34 
(35 
(36 
(37 
(38 
(39; 

(4o; 

(41 
(42 
(43 

( 

(45 

(46 

(47 


Qnj  sand  and  water 904  indiei. 

Green  sand 48  " 

Brown  sand  and  water 60  " 

Sand  rock 6  " 

Gray  sand 12  " 

Sand  rock 36  " 

Gray  sand  and  water 48  " 

Green  sand 24  " 

Laminated  clay 12  " 

Gray  sand — 

Green  sand  and  water 168  " 

Rotten  limestone,  [see  below] 12  '^ 

Gray  sand — 

Green  sand 168  ** 

Rotten  limestone,  [see  below] 24  " 

Gray  sand 280  " 

Green  sand lib  " 

Rotten  limestone,  [see  below] 108  " 

Spanish-brown  colorod  sand 72  '' 

Bine  clay  and  sand 420  " 

Gray  sand —  " 

Brown  sand 72  " 

Green  sand  and  water 36  " 

Gray  sand  and  water 204  " 

Blue  sticky  clay  and  sand 96  " 

Sand  rock 25  " 

Spanish  brown  sand 96  " 

Bine  sticky  clay  and  sand 72  " 

Green  sand  and  water        .        .^ 168  ** 

Gray  sand  and  water — 

Total  depth 409  ft. 


The  strata  designated  as  «  rotten  limestone,"  in  (11),  (14),  (29),  (32), 
and  (S5),  above,  are  undoubtedly  strata  of  light  colored  and  perhaps 
calcareous  clay. 

The  Alabama  River  rises  at  Selma  in  time  of  flood,  65  to  70  feet 
The  city  stands  10  feet  above  high-water.  The  average  expense  of 
boring  the  Selma  wells  to  the  depth  of  350  feet  is  not  far  from  350 
dollars.  There  are  now  (1853)  in  Selma  and  Cahaba,  and  the  inter- 
vening country,  some  25  or  30  Artesian  wells. 

No.  12.  This  is  one  of  the  few  wells  on  the  east  (left)  side  of  the 
Alabama  River.  It  is  nearly  opposite  Cahaba,  and  was  bored  bj 
Messrs.  Crow  and  Read. 
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Na  15.  Mr.  Campbell,  who  bored  this  well,  has  fiimished  the  fol- 
lowing  register  of  borings :  — 

(1)  Loam,  red  day,  8and,  and  pebbles 394  inches, 

(2)  l8t  Rotten  limestone 3970  " 

(3)  Ist  Sandstone  (a  concrete  of  sand  and  shells)      ...  6  " 

(4)  Gfmj  sand  with  water 36  " 

(5)  2d.  Sandstone 15  " 

(6)  Grajsand 29  " 

(7)  Sticky  sand  and  clay 117  " 

(8)  Sand  and  rotten  limestone  (?)  [Clay] 93  " 

(9)  Sticky  sand  and  clay 237  " 

(10)  Green  sand 18  " 

(11)  Gray  sand  widi  water 1558  " 

(12)  Sd.  Sandstone 11  " 

(13)  Gray  sand  with  water  and  streaks  of  rotten  limestone  (?)  612  " 

(14)  Bluish  gray  ftand  with  two  streaks  of  reddish  sand    .        .  384  " 

(15)  Bluish  gray  sand  and  laminated  clay 330  *' 

(16)  DariL  gray  sand  with  water 312  " 

(17)  Bluish  gray  sand  and  clay  with  water 716  " 

Total  depth  of  well  727 ft.  1  lin. 

and  throws  out  1,200  gallons  of  water  per  minute. 

This  is  truly  an  astonishing  well,  but  I  am  sceptical  in  regard  to  the 
alleged  quantity  of  water  discharged.  Supposing  the  orifice  to  be  12 
inches  in  diameter,  which  I  believe  exceeds  the  truth,  a  discharge  of 
1,200  gallons  per  minute  would  require  a  velocity  of  204  feet  per 
minute,  and  this  velocity  by  the  laws  of  hydraulics  necessitates  an 
ascent  of  nearly  22  inches ;  whereas  the  stream  does  not  rise  12 
inches  above  the  mouth  of  the  pipe.  As  the  well,  however,  is  now  in 
a  greatly  exposed  condition,  it  is  not  improbable  that  the  bore  has  been 
Bomewhat  choked  by  the  mischievousness  of  boys,  whom  I  have  seen 
throwing  brickbats  down  for  amusement  The  well  was  originally 
bored  for  the  purpose  of  supplying  a  steam  factory,  but  is  now  entirely 
unemployed. 

Nos.  18  to  25.  The  facts  relative  to  these  eight  wells  are  copied 
from  Tuomey's  Geological  Report  The  two  at  Finches'  Ferry,  16 
and  17,  are  beyond  the  edge  of  the  limestone.  **  The  water  is  gen- 
erally highly  charged  with  salts  of  lime,  magnesia,  soda,  and  iron,  and 
in  some  instances  it  is  impregnated  with  sulphur."   (Tuomey's  Report) 
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So  far  as  mj  observation  extends,  all  the  wells  in  Newbern,  Greene 
coanty,  are  strongly  charged  with  sulphuretted  hydrogen.  The  water 
from  Colonel  Pickens'  and  Dr.  Clement's  wells  (Nos.  26  and  28),  and 
others,  are  very  highly  saline. 

No.  26.  A  chemical  examination  of  the  water  of  thb  well  showed 
it  to  contain  large  quantities  of  chloride  of  sodium  with  small  addi- 
tional quantities  of  salts  of  lime,  magnesia,  and  iron.  The  consider- 
able quantity  of  free  carbonic  acid  present  gives  the  water  an  unusual^ 
lively  taste,  and  it  begins  to  enjoy  some  little  repute  as  a  medicinal 
water.  Indeed,  it  is  difficult  to  distinguish  it  by  the  taste  from  the  cel- 
ebrated "  Congress  water." 

Nos.  32  to  35.  These  wells  are  situated  a  few  rods  above  the  out- 
crop of  the  rotten  limestone. 

No.  36.  This  well  has  been  more  than  two  years  in  progress  [writ- 
ten in  1853],  and  though  a  depth  of  over  700  feet  haS  been  reached, 
no  water  has  as  yet  risen  to  the  surface.  The  situation  is  jast  beyond 
the  margin  of  the  ^  rotten  limestone."  At  less  than  100  feet  water  wis 
reached  which  came  within  a  few  feet  of  the  top.  Undoubtedly  the 
failure  of  this  well  is  owing  to  the  slight  elevation  of  Eutaw  above  the 
surrounding  country ;  for,  at  Judge  Evans's,  less  than  half  a  mile  further 
south,  and  just  over  the  edge  of  the  limestone,  is  a  successful  well 
though  not  copious ;  while  at  Finches'  Ferry,  four  miles  distant,  are 
several  copious  wells,  occupying  about  the  same  geological  position  as 
the  one  at  Eutaw,  though  situated  at  a  considerably  lower  leveL 

The  following  statement  of  the  borings  of  this  well  has  been 
furnished  by  John  W.  Elliott,  Esq.,  the  superintendent  of  the  work:— 

(1)  Soil  and  red  clay 15  feet 

(2)  Saod  and  soft  light  colored,  mottled  clay — last  foot  laminated      .  45  ** 

(3)  White  sand  and  water S  " 

(4)  Bine  shale  and  yellowish  clay  alternating  in  thin  layers          .        .  200  ** 

(5)  Yellowish  clay  inclining  to  red 130  ** 

(6)  Bed,  caving  soil  cmmbling  like  rotten  brick 100  " 

(7)  Sand  (and  water)  brown,  white,  and  g^reenish     .        ,                .  20  " 

(8)  Red  and  yellowish  clay 100  ** 

(9)  Dark  brown  sand 50  " 

(10)  Coarse  reddish  sand  with  gravel  and  scales  of  mica         .        .        .80    ** 

(11)  Reddish  "soapstone"  — like  bed  of  clay —   " 

Total,  August,  1853,  743  feet 
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Na  41.  Diluvial  maleriab  here,  11  feet  thick;  limestone,  200  feet 
thick. 

No.  55.  At  140  feet  from  the  surface  a  hard  sand-rock  was  struck 
which  continued  3  or  4  feet 

Nos.  46  to  74.  These  wells  are  mostly  situated  a  short  distance 
hejond  the  junction  of  the  rotten  limestone  and  subjacent  strata. 
Their  depths  are  given  on  the  authority  of  Mr.  James  Strait,  well- 
borer  of  Clinton,  Greene  county.  The  strata  penetrated  are  perfectly 
similar  to  those  whose  statistics  have  already  been  given.  Generally, 
in  the  valley  of  the  Sipsey  river,  the  wells  are  from  150  to  200  feet 
deep.  At  Vienna,  at  the  mouth  of  the  Sipsey,  they  vary  fit)m  850  to 
400  feet. 

IV.   Increcue  of  Temperature, 

The  Artesian  wells  of  Alabama  are  not  particularly  adapted  to 
furnishing  exact  indications  of  ihe  rate  of  increase  of  temperature. 
As  the  water  generally  enters  the  well  at  several  different  points,  the 
temperature  of  the  mixture  taken  at  the  top,  will  always  be  more  or 
less  below  that  of  the  deepest  water  reached.  The  temperatures 
observed,  therefore,  in  the  different  wells  may  vary  considerably  below 
the  true  temperature  of  the  deepest  seated  water,  but  cannot  vary 
above  it.  Those  observations,  therefore,  which  indicate  the  most  rapid 
increase  of  temperature  are  most  likely  to  serve  as  reliable  data. 

The  mean  annual  temperature  of  that  part  of  Alabama  over  which 
these  wells  are  distributed,  is  not  far  from  64°  Fahr.,  and  this  is  the 
temperature  of  ordinary  well-water  at  Selma.  The  point  of  constant 
temperature  within  the  earth's  crust  has  been  fixed  by  different  au- 
thorities at  50,  60,  70,  and  80  feet  beneath  the  surface.  As  the 
annual  extremes  of  Alabama  are  considerable,  the  point  of  constant 
temperature  may  perhaps  with  propriety  be  placed  at  80  or  90  feet. 
Calculating  the  results  from  these  data,  I  have  formed  the  following 
table :  — 

(9») 
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No.  of 

Depth 

Temp. 

OON8T.TKMP.90FT. 

00NST.TBIIP.AT8QR. 

Temp. 

WeU. 

feet. 

Fahr. 

aboye  Qi'*. 

Depth  be- 

Feet  for 

Depth  be- 

Fectfcr 

low  90  n. 

1  deg. 

low  80  ft. 

l^- 

I 

470 

72 

8 

380 

47.5 

390 

48.7 

2 

380 

68 

4 

290 

72.5 

3 

334 

67 

3 

240 

80.0 

4 

280 

67 

3 

190 

63.3 

6 

409 

67i 

3.75 

319 

85.0 

7 

360 

67 

3 

270 

90.0 

9 

350 

67 

3 

260 

86.7 

10 

360 

66 

2.5 

270 

108.0 

15 

728 

77 

13.5 

638 

47.2 

648 

48,0 

17 

258 

6^ 

4.25 

168 

89.5 

178 

41.9 

18 

285 

64 

■ 

0.5 

195 

390.0 

19 

360 

65 

1 

270 

270.0 

20 

415 

68 

4 

325 

81.2 

21 

420 

66 

2 

330 

160.0 

22 

468 

66^ 

2.5 

378 

151.2 

23 

522 

70 

6 

432 

72.0 

24 

560 

71 

7 

470 

67.1 

25 

544 

72 

8 

454 

56.7 

464 

58.0 

29 

180 

69? 

5 

90 

18.0 

32 

294 

68} 
68} 

4.75 

204 

42.9 

214 

45.0 

33 

294 

4.75 

204 

42.9 

214 

45.0 

34 

330 

69 

5.00 

240 

48.0 

250 

50.0 

35 

352 

69 

5 

262 

52.4 

272 

54.4 

38 

200 

67J 

3.5 

110 

31.4 

120 

54.3 

39 

555 

75 

11 

465 

42.3 

475 

43J 

40 

400 

n 

9.75 

310 

31.8 

320 

32.8 

41 

456 

8.5 

366 

43.0 

376 

44.2 

42 

440 

71 

7 

350 

50.0 

360 

51.4 

43 

550 

72i 

8.5 

460 

54.1 

470 

55.3 

44 

495 

72| 

8.5 

405 

47.6 

415 

48.3 

45 

216 

67 

3 

126 

42.0 

136 

44.0 

Mean,  46.5. 

In  the  fourth  column  of  the  preceding  table  I  have  given  the  exc«s 
of  the  observed  temperature  of  the  water  above  64°.  In  the  fifti 
column  are  the  depths  of  the  wells  below  the  point  of  constant  tem- 
perature, assuming  this  at  90  feet  below  the  surface  ;  and  in  the  sixth 
column  is  the  number  of  feet  in  depth  corresponding  to  one  degree  of 
increased  temperature. 

Since  the  higher  numbers  in  the  sixth  column  are,  for  reasoBS 
already  stated,  most  likely  to  be  erroneous,  I  have  entirely  rejected 
those  results  which  exceed  100  feet  and  also  the  29th  observation. 
The  general  mean  of  the  residue  is  an  increase  of  temperature  ci 
one  degree  for  every  56.7  feet  If  we  still  further  reject  all  numbers 
in  the  sixth  column  which  exceed  60  feet,  the  result  obtained  is  (Hie 
degree  for  evsry  44  96  feet 
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If  we  suppose  the  point  of  constant  temperature  to  be  situated  at 
80  feet  instead  of  90  feet  beneath  the  surface,  and  employ  the  same 
set  of  observations  as  last-mentioned  above,  the  rate  of  increase 
deduced  therefrom  is  one  degree  for  every  46.5,  feet  as  shown  in  the 
seventh  and  eighth  columns  of  the  table. 


9.  On  the  Agency  of  the  Gulf-Stream  in  the  Formation  of 
THE  Peninsula  of  Florida.  By  Joseph  Le  Conte,  of 
Athens,  Georgia. 

In  the  winter  of  1851,  and  during  the  months  of  January  and  Feb- 
ruary, I  enjoyed  the  rare  opportunity  of  visiting  and  examining  the 
keys  and  reefs  of  Florida,  in  company  with  Professor  Agassi z.  I 
then  and  there  became  deeply  interested  in  a  subject  which  has  con- 
tinued to  occupy  my  thoughts  from  time  to  time  until  now ;  namely,  the 
mode  of  formation  of  the  Peninsula  of  Florida. 

Until  the  time  referred  to,  nothing  definite  was  known  of  the  geology 
of  Florida,  but  it  was  supposed  to  consist  of  a  ^^outhward  prolongation 
of  the  eocene  of  Georgia  and  Alabama,  and  its  shell-limestone  to  bear 
some  general  resemblance  to  the  white  limestone  of  the^e  States. 
But  the  observations  of  Professor  Tuomey,*  during  the  summer  of 
1850  and  the  more  full  and  careful  observations  of  Professor  Agassiz,t 
during  the  following  winter,  brought  to  light  the  remarkable  fact  that 
the  keys,  and  the  larger  portion  of  the  peninsula  of  Florida  are  of  re- 
cent origin,  and  as  far  as  could  be  examined,  the  work  of  corals  —  still 
living  in  the  vicinity,  and  still  engaged  in  the  work  of  extension  —  that 
they  are  in  fact,  superficially,  at  least,  the  result  of  the  growth  of  suc- 
cessive coral  reefs  concentrically  arranged,  one  outside  of  the  other, 
from  north  to  south.  My  object  in  the  present  paper  will  be  to  show 
that  coral  agency  alone  is  not  sufficient  to  account  for  the  phenomena, 
but  that  there  has  been  another  and  still  more  powerful  agent  at  work 
preparing  the  ground  and  laying  the  foundation  for  these  builders ; 
and  that  this  agent  has  been  the  Gulf- Stream,    A  clear  understanding 

♦  Silliman's  Joomal,  2d  Series,  Vol.  II.  p.  393. 
t  Report  of  Coast  Survey  for  1851,  p.  145. 
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of  the  subject  renders  necessary  a  succinct  account  of  the  views  of 
Tuomej  and  Agassiz. 

/ 


Fig.  1  represents  the  peninsula  and  keys  of  Florida;  a"  h"  the 
southern  coast ;  a!  11  the  line  of  keys,  a  b  the  line  of  living  reef;  G  S8 
the  Gulf-Stream  sweeping  amund  the  living  reef.  Between  the  living 
reef  a  h  and  the  line  of  keys  a!  II  there  is  a  ship  channel  varying  from 
five  to  ten  miles  in  width,  and  three  or  four  fathoms  deep.  Betwe^i 
the  southern  coast  a*'  V  and  the  line  of  keys  c!  h\  a  distance  at  the 
point  W  of  about  forty  miles,  the  water  is  very  shoal,  navigable  only 
for  the  smallest  fishing  craft,  and  dotted  over  with  small  low  mangrove 
islands.  The  southern  coast  is  about  twelve  or  thirteen  feet  above  the 
sea.  Within  the  southern  coast,  however,  we  have*  the  everglades,  a 
low  swamp  but  a  few  feet  above  the  level  of  the  sea,  covered  with 
fresh  water  and  dotted  over  with  small  islands  called  hammocks. 
Beyond,  the  living  reef  at  the  sea  bottom  slopes  rapidly  into  the  almoet 
unfathomable  bed  of  the  Gulf-Stream. 

Now  we  have  the  best  evidence  that  the  everglades,  the  southern 
coast,  and  the  keys  are  all  formed  by  coral  agency.  The  evidence  is 
briefly  as  follows. 

It  is  a  well-known  fact  that  corals  cannot  grow  above  the  surface  of 
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the  water.  The  islands  therefore  so  commonlj  formed  on  coral  reefs 
cannot  be  formed  by  the  agency  of  these  animals  alone,  but  are  due  to 
the  yiolent  action  of  waves  breaking  oflf  huge  coral  heads  and  over- 
turning coral  trees,  bearing  them  from  the  outer  and  more  exposed 
side  and  piling  them  on  the  middle  and  inner  side  of  the  reef.  These 
coral  boulders  form  the  nucleus  around  which  cluster  smaller  fragments 
and  coral  sand ;  the  whole  is  then  firmly  cemented  by  carbonate  of 
lime  in  solution  in  the  sea-water,  and  the  island  thus  formed  is  finally 
covered  with  vegetation  and  inhabited  by  animals  and  man. 

The  whole  embryonic  development,  if  I  may  use  the  expression,  of 
coral  islands  may  be  observed  upon  the  keys  and  reefs  of  Florida. 
On  the  outer  or  living  reef  a  b  some  of  these  commenced  to  form  only 
a  few  years  ago,  exist  as  yet  only  in  the  form  of  isolated  boulders  of 
dead  coral,  and  are  not  yet  dignified  with  the  name  of  keys.  Others 
are  formed  of  similar  boulders  mingled  with  smaller  fragments  and  coral 
sand,  and  firmly  cemented  by  carbonate  of  lime,  but  the  larger  boul- 
ders are  still  conspicuous  above  the  surrounding  sand  though  immov- 
ably fixed.  Still  others  are  so  covered  with  coral  sand  that  the  boul- 
ders are  not  observable,  except  by  excavation  or  by  examination  of  the 
outermost  portion  of  the  island  towards  the  sea.  The  coral  sand  is 
always  affected  with  the  cross  and  oblique  stratification  so  common  in 
materials  exposed  to  the  violent  action  of  waves.  All  the  islands  on 
the  outer  reef  xxx,  are  very  small,  of  very  recent  origin  (some  only  a 
few  years  old)  and  therefore  as  yet  entirely  barren. 

The  examination  of  the  larger  and  older  inhabited  islands  of  the 
line  of  keys  a'  1/  proves  beyond  question  that  they  have  been  formed  in 
a  similar  manner.  We  have  here  also  the  same  coral  boulders  min- 
gled with  smaller  fragments  and  coral  sand,  and  the  whole  firmly 
cemented  into  solid  rock,  the  same  cross  or  oblique  stratification  indi- 
cating the  former  action  of  waves  on  an  exposed  shore.  The  boulders 
here,  also,  sometimes  stand  above  the  surrounding  cement,  exposed  in 
their  superior  portions,  as  at  Key  Vaca,  and  at  others  completely  cov- 
ered with  coral  sand,  as  at  Key  West  and  most  other  keys.  This  ex- 
posure of  the  larger  boulders  above  the  surrounding  cement  in  which 
they  are  firmly  fixed,  led  Tuomey  into  the  error  of  supposing  that  they 
were  the  prominent  points  of  the  original  reef  elevated  above  the  sea 
level  by  igneous  agency,  and  that  the  keys  were  formed  by  igneous, 
rather  than  aqueous  agency.  That  such  is  not  the  case  is  proved  by 
more  attentive  examination  and  comparison  with  the  smaller  keys  of 
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the  outer  reef.  There  can  be  no  doubt,  therefore,  that  the  line  d  V  is 
the  position  of  a  former  reef  changed  into  keys  by  the  action  of  waves 
alone. 

In  a  similar  manner  it  has  been  pointed  out  by  Tuomey  and  proved 
by  Agassiz,  that  the  southern  coast  ci'  IP  of  Florida  was  the  position 
of  still  another  and  an  earlier  reef.  The  character  of  the  rock  is  the 
same  as  that  of  the  keys  of  the  main  range  or  of  the  smaller  ones  oo 
the  living  reef.  Here  also,  Tuomey  has  seen,  as  he  supposes,  the 
evidence  of  elevating  forces,  while  Agassiz  sees  nothing  but  the  action 
of  waves. 

There  seems  to  be  no  reasonable  doubt,  therefore,  that  at  some 
former  period  the  northern  shore  of  the  everglades  c.  rf.  was  the  posi- 
tion of  the  southern  coast,  and  at  the  same  time  the  present  southern 
coast  cP  W  was  the  position  of  a  reef.  The  general  sequence  of 
changes  has  been  as  follows  :  cP  V  became  gradually  converted  into  a 
line  of  keys  and  finally  added  to  the  mainland,  and  the  shoal  water 
between  a"  W  and  c.  rf.  became  the  everglades,  and  its  mangrove 
islands  the  hammocks  which  overdot  this  swamp.  In  the  mean  time, 
f.  «.,  while  ci'  6",  the  present  southern  coast,  was  still  a  line  of  keys, 
another  reef  was  formed  further  out.  This  became  in  time  converted 
also  in  the  line  of  keys  a!  b\  and  will  eventually  be  added  in  its  turn  to 
the  mainland,  and  become  the  southern  coast,  —  the  shoal  water  be- 
tween (f  U'  and  d  V  with  its  mangrove  islands  becoming  another 
everglade  with  its  hammocks.  In  the  mean  time  still  another  reef  has 
been  formed  yet  farther  out,  namely,  the  present  or  living  reef  a  i, 
and  upon  this  too,  the  process  of  key  formation  has  already  commenced. 
Any  farther  extension,  however,  in  this  direction,  by  the  growth  of 
still  another  reef,  seems  precluded  by  the  proximity  of  deep  water. 
Standing  upon  the  reef,  the  blue  waters  of  the  Gulf-Stream  are  dis- 
tinctly seen  at  the  distance  of  but  a  few  hundred  yards. 

Thus  it  appears  that  not  only  the  keys  but  the  mainland  of  Florida, 
certainly  as  far  north  as  the  northern  shores  of  the  everglades,  has 
been  formed,  superficially  at  least,  by  coral  agency.  The  evidence  in 
favor  of  a  similar  origin  for  that  portion  of  the  peninsula  lying  north 
of  this  line  is  less  abundant,  and  perhaps  less  conclusive.  Yet  we  have 
every  reason  to  believe  that  the  greater  portion  of  this  also  was  formed 
in  a  similar  manner.  Although  the  geology  of  this  part  has  not,  as  hx 
as  I  know,  been  examined  by  any  one  capable  of  deciding  definitively 
as  to  what  portion  of  the  peninsula  is  tertiary  and  what  is  recent  coral 
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formation  ;  yet  specimens  of  coral  rock  precisely  similar  to  that  of  the 
8oathem  coast  and  keys,  sent  to  Professor  Agassiz  from  the  shores  of 
Lake  George  *  and  other  parts  of  Florida,  as  far  north  as  St.  Augus- 
tine, leave  no  doubt  that  on  the  eastern  coast  at  least,  the  coral  forma- 
tion extends  as  far  north  as  that  ancient  city.  I  have  myself  a  frag- 
ment of  meandrina  from  the  neighborhood  of  St.  Augustine  undistin- 
guishable  from  fragments  which  may  be  picked  up  anywhere  upon 
the  keys.  The  western  shore  is  still  less  known,  but  Conrad  and 
Tuomey  state  their  opinion  that  the  bluffs  of  Tampa  are  eocence  ter- 
tiary.f  Supposing  this  to  be  a  fact,  though  it  is  still  problematical, 
then  all  that  portion  of  the  peninsula  lying  south  of  the  line  c'  d"  is 
almost  certainly  of  coral  origin  and  formed  in  the  manner  already 
indicated,  namely,  by  the  growth  of  successive  reefs.  As  to  the  posi- 
tion of  these  supposed  reefs  we  know  absolutely  nothing.  The  posi- 
tion of  the  lines  c"  d"  and  c  d  has  been  merely  suggested  by  the  suc- 
cession of  bays  which  indent  the  western  coast.  May  they  not  all 
have  been  formed  like  Chatham  Bay,  by  the  imperfect  filling  up  of 
the  shoal  water  separating  successive  reefs  from  the  mainland  ? 

Such  is  a  brief  account  of  Professor  Agassiz*  views  concerning  the 
mode  of  formation  of  the  peninsula  and  keys  of  Florida.  I  will  now 
attempt  to  show  that  coral  agency  alone  is  not  sufficient  for  this 
purpose ;  and  that  the  supposition  would  violate  all  probability,  and 
contradict  all  that  we  know  of  the  laws  which  govern  the  growth  of 
these  animals. 

It  is  a  well-known  fact  that  reef-building  corals  cannot  grow  at  a 
greater  depth  than  from  ten  to  twelve  fathoms.  It  is  also  certain  that 
they  cannot  grow  above  the  surface  of  the  water  at  low  tide.  Thus 
they  are  limited  in  a  vertical  direction  to  a  space  of  about  sixty  or 
seventy  feet.  Unless  there  is  subsidence  of  the  sea  bottom,  therefore, 
it  is  impossible  that  a  reef  should  be  more  than  sixty  or  seventy  feet 
thick.  To  this  may  be  added,  in  the  case  of  coral  islands,  from  ten  to 
fifteen  feet  for  materials  accumulated  above  the  sea  level  by  the 
agency  of  waves.  If  there  is  no  subsidence,  therefore,  no  coral  forma- 
tion can  be  more  than  eighty  feet  in  thickness.  Now  nothing  can  be 
more  certain  than  that  there  has  been  no  subsidence  whatever  of  the 


»  Types  of  Mankind,  p.  352. 

t  Silliman's  Journal,  2d  Series,  Vol.  II.  p.  393. 
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8ea  bottom  upon  which  grow  the  reefs  of  Florida ;  for  otherwise  the 
extension  of  the  peninsula  by  means  of  coral  agency  would  have  been 
impossible.  It  necessarily  follows,  therefore,  that  the  coral  formation  of 
Florida,  whether  upon  the  mainland,  or  upon  the  keys,  or  upon  the  liv- 
ing reef,  can  nowhere  be  more  than  seventy  or  eighty  feet  thick.  In 
other  words  it  is  evident  that  Florida  and  the  keys  are  only  faced  or 
incrusted  with  coral  formation.  If  then  corals  have  been  the  only 
agents  in  this  work  ;  if  the  sea  bottom  has  remained  substantially  un- 
changed during  the  whole  time  the  coral  work  was  progressing,  it  is 
evident  that  the  sea  for  the  enormous  distance  of  five  degrees  of  lati- 
tude, namely,  from  St.  Augustine  to  the  present  reef  was  nowhere 
more  than  sixty  or  seventy  feet  in  depth,  and  Florida  must  have  been 
represented  by  a  tongue  of  shoal  water  three  hundred  miles  in  length; 
a  circumstance  possible  certainly,  but  so  improbable,  that  it  behooves 
those  who  maintain  the  theory  that  corals  alone  have  formed  the 
peninsula  to  account  for  it.  But  even  if  we  admit  the  probability  of 
such  a  condition  of  things,  we  do  not  get  rid  of  the  main  difficulty,  for 
in  that  case  there  is  no  apparent  reason  why  the  corals  should  not  grow 
over  the  whole  area  at  the  same  time,  as  an  immense  coral  forest  in- 
stead of  in  the  form  of  successive  reefs.  In  a  word,  the  fact  that  the 
corals  grew  in  the  form  of  successive  reefs  concentrically  disposed  from 
north  to  south  proves,  as  it  seems  to  me,  incontestably,  that  the  condi- 
tions necessary  for  coral  growth  have  also  been  progressively  formed 
in  the  same  direction.  The  horizontal  extension  of  corals  through  so 
great  a  space  proves  also  the  progressive  extension  of  the  necessary 
conditions  ;  in  other  words  proves  that  the  sea  bottom  has  been  grada- 
ally  rising  from  the  north  towards  the  south. 

Such  a  gradual  rising  of  the  sea  bottom  may  be  attributed  to  one  of 
two  causes,  namely :  first,  gradual  elevation  by  igneous  agency ;  and 
secondly,  filling  up  by  sedimentary  deposit.  As  we  have  already  seen, 
Professor  Tuomey  has  thought  that  there  are  evidences  of  such  igne- 
ous elevation  upon  the  keys  as  well  as  upon  the  mainland,  but  the 
more  careful  observations  of  Professor  Agassiz  have  satisfactorily  ex- 
plained these  deceptive  appearances ;  so  that  we  may  now  say  with 
confidence  that  there  is  not  the  slightest  evidence  of  such  elevation,  but 
much  evidence  to  the  contrary.  Neither  the  mainland  nor  the  keys 
are  anywhere  higher  than  may  be  accounted  for  by  the  action  of 
waves,  namely,  from  ten  to  fifteen  feet,  and  it  is  inconceivable  that  this 
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elevation  should  have  gone  on  progressively,  preparing  ground  for  the 
growth  of  successive  reefs,  without  in  the  slightest  degree  affecting  the 
contiguous  and  recently  formed  land.  But  this  is  precisely  the  mode 
of  action  of  sedimentary  deposit.  Sediment  cannot,  of  course,  affect 
any  thing  but  the  sea  bottom.  It  is  to  sedimentary  deposit,  therefore, 
that  I  attribute  the  gradual  rising  of  the  sea  bottom  from  north  toward 
the  south,  which,  as  we  have  seen,  forms  the  necessary  condition  for 
the  horizontal  extension  of  coral  reef  through  so  great  a  distance. 

Having  thus  shown  that  sedimentary  deposit  is  almost  absolutely 
necessary  for  the  explanation  of  the  southward  extension  of  the  reefs 
of  Florida,  let  us  attempt  now  to  prove  that  such  deposit  has  in  fact 
taken  place  under  the  influence  of  the  Gulf-Stream. 

It  is  a  well  known  law  of  currents  bearing  sediment,  that,  if  from 
any  cause  their  velocity  is  checked,  they  deposit  a  portion  of  their  sedi- 
ment upon  the  bottom  ;  but  if,  on  the  contrary,  their  velocity  is  increased, 
they  abrade  their  beds  and  banks.  If,  therefore,  the  velocity  of  a 
stream  is  greater  on  one  side  than  on  the  other,  abrasion  will  take 
place  on  the  former  and  deposit  on  the  latter.  Now  if  such  a  stream 
bearing  sediment  make  a  sweep  or  curve,  the  velocity  will  always  be 
greater  on  the  outer  and  least  on  the  inner  side  of  the  sweep.  Hence 
there  must  necessarily  be  abrasion  of  the  outer  bank  and  deposit  upon 
the  inner.  Thus  in  proportion  as  the  outer  curve  extends  by  abrasion 
of  the  outer  bank,  the  inner  curve  will  extend  also  by  deposit,  and  the 
tongue  of  land  around  which  the  sweep  is  made  will  grow  longer  and 
longer.  If  this  tongue^s  cut  away  by  artificial  means,  so  as  to  convert 
this  portion  of  the  stream  into  a  lake,  around  the  outer  margin  of  which 
sweeps  the  current,  the  still  water  within  the  sweep  will  become  more 
and  more  shoal  until  it  is  again  converted  into  a  tongue  of  land.  Now 
this  is  necessarily  true  under  all  circumstances.  It  makes  no  differ- 
ence whether  the  stream  runs  between  banks  of  solid  matter  or  be- 
tween banks  of  still  water.  If  a  stream  bearing  sediment  run  through 
still  water,  making  a  sweep  or  curve,  the  sediment  must  deposit  princi- 
pally upon  the  inner  side  of  the  curve,  making  shoal  water  at  this 
part ;  the  curve  will  extend  and  the  shoal  water  will  extend  in  the 
same  proportion. 

Now  the  Gulf-Stream  is  such  a  current.  The  strong  sweep  which 
it  makes  around  the  point  of  Florida  is  seen  in  Fig.  1.  If,  therefore, 
the  Gulf-Stream  bears  aqy  sediment,  the  conclusion  seems  irresistible 

(10) 
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that  the  sweep  of  the  curve  has  been  increasing  with  the  coarse  of 
time,  and  that  the  tongue  of  land  within  the  curve,  namely,  the  penin- 
sula of  Florida,  has  been  extending  ^^pari  passu  "  by  means  of  sedi- 
mentary deposit.  Or,  even  supposing  that  the  position  of  the  Gulf- 
Stream  has  always  been  the  same  as  at  present,  and  that  Florida  was 
once  represented  by  a  tongue  of  still  water  within  the  curve ;  this  tongue 
of  still  water  must  have  become  more  and  more  shoal  by  sedimentary 
deposit.  I  repeat,  then,  that  upon  any  conceivable  theory  as  to  the 
position  of  the  Gulf-Stream,  whether  its  curve  has  been  increasing 
or  has  been  always  the  same  as  at  present,  if  it  carries  any  sediment, 
according  to  the  law  of  currents,  there  must  have  been  a  progressive 
shoaling  of  water  and  making  of  land  within  the  curve  from  north  to- 
ward'the  south,  and  consequently  a  progressive  formation  of  the  con- 
ditions necessary  for  the  growth  of  corals  and  their  extension  in  the 
same  direction.  What  evidence  then  have  we  that  the  Gulf-Stream 
does  indeed  carry  sediment  ? 

The  Gulf-Stream  is  supposed  to  be  a  continuation  of  the  great  equa- 
torial current  which  stretches  across  the  Atlantic  from  the  coast  of 
Africa,  strikes  upon  the  wedge-shaped  point  of  the  eastern  coast  of 
South  America,  and  divides  into  a  northern  and  a  southern  branch. 
The  northern  branch  uniting  with  the  waters  of  the  Amazon  and  Oro- 
noco,  runs  along  the.  coast  of  South  America,  through  the  Caribbean 
Sea,  under  the  name  of  the  Caribbean  current,  enters  and  receives 
strength  in  the  Gulf  of  Mexico,  from  which  emerging  it  sweeps  round 
the  point  of  Florida  and  along  the  coast  of  the  United  States  on  its 
way  to  the  coast  of  Europe. 

Now  is  it  possible  that  a  stream  which  washes  so  many  shores,  whidi 
runs  through  seas  into  which  are  poured  such  enormous  quantities  ot 
sediment  brought  down  by  the  largest  rivers  in  the  world,  is  it  con- 
ceivable that  such  a  stream  should  carry  no  sediment  ?  On  the  con- 
trary, it  is  well  known  that  the  sediment  both  of  the  Amazon  and 
Oronoco  rivers  is  carried  by  this  stream  and  distinctly  traceable  (ot 
several  hundred  miles.  Much  of  it  is  doubtless  deposited  along  the 
coast  and  in  the  Caribbean  Sea ;  but  ^^  according  to  Humboldt  mudi 
sediment  is  carried  again  out  of  the  Caribbean  Sea  into  the  Gulf  of 
Mexico."*     Into  the  same  gulf  is  also  poured  the  enormous  amount 

♦  Lyell's  Principles  of  Geology,  p.  32S. 
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of  sediment  brought  down  by  the  gulf  rivers,  especially  by  the  Missis- 
sippi.   Out  of  this  gulf,  the  waters  of  which  are  thus  highly  charged 
with  sediment,  comes  the  Gulf-Stream  on  its  way  round  the  point  of 
Florida.    If  then  this  stream  mingles  at  all  with  the  waters  of  the 
galf  rivers,  it  must  necessarily  carry  sediment     That  it  does  thus 
mingle  is  proved  by  the  fact  mentioned  by  Lyell,*  that  drift  timber 
from  the  Mississippi  is  carried  by  this  stream  to  the  shores  of  Iceland 
and  Europe.     Now  unless  we  suppose  the  whole  of  this  sediment  to 
be  deposited   in   the  gulf,  it  must  reach,  and,  by  the  law  of  currents 
aheady  insisted  on,  be  deposited  much  of  it  upon  the  point  of  Florida. 
Bat  we  have  the  best  reasons  for  believing  that  it  is  not  all  deposited 
in  the  gulf.     The  distance  from  the  mouth  of  the  Mississippi  to  the 
Tortugas  is  about  five   hundred   miles.     Taking  the  velocity  of  the 
Gulf-Stream  through  the  Gulf  of  Mexico  at  three  miles  per  hour, 
it  would  traverse  this  distance  in  about  seven  days.     Now  the  finest 
sediment  will  not  sink  more  than  an  inch  in  an  hour ;  but  supposing  the 
mud  brought  down  by  the  Mississippi  sinks  at  the  rate  of  one  foot  per 
hour, in  seven  days  it  would  sink  168  feet     But  the  depth  of  the  Gulf 
of  Mexico  and  the  Gulf-Stream  is  much  greater  than  this.     Therefore, 
fine  sediment  from  the  Mississippi  would  even  reach  the  point  of  Florida, 
and  what  was  not  deposited  there  would  be  carried  much  farther  on.^ 
We  have  farther  evidence  of  this  in  the  soundings  made  by  the  coast 
survey  off  the  eastern  coast  of  Florida,  and  the  nature  of  the  bottom 
which  has  thus  been  brought  up.     It  can  scarcely  be  doubted  for  a 
moment  that  the  banks  of  sand  and  mud  found  in  the  bed  and  on  the 
'  margin  of  the  Gulf-Stream  off  the  eastern  coast  of  Florida  were  depos- 
ited there  by  that  stream. 

But  it  will  be  objected  that  the  water  of  the  Gulf-Stream  is  re- 
markable for  its  transparency.  This  objection,  however,  will  en- 
tirely disappear  when  we  consider  the  difference  between  rivers  and 
ocean  currents.  The  former  are  of  slight  depth  and  run  over  rough 
bottoms,  and  between  banks  possessing  many  inequalities  of  surface 
and  offering,  therefore,  much  resistance.  Hence  are  generated  partial 
currents  upward  and  downward,  to  the  right  and  left,  which  thoroughly 

•  Lyell'fl  Principles  of  Geology,  p.  721 ;  and  Proc.  Amer.  A»s.  seventh  meeting, 
p.  181,  and  eighth  meeting,  p.  140. 
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mix,  as  if  bj  a  sort  of  ebullition,  the  waters  of  the  river.  It  is  impos- 
sible that  matters  in  suspension  or  solution  should  exist  in  one  part 
and  not  in  another,  that  is,  that  sediment  should  be  carried  bj  the 
deeper  strata,  while  the  superficial  strata  remain  transparent  But 
with  oceanic  streams  the  case  is  quite  diflferent.  Their  great  depth 
and  the  fact  that  they  are  bounded  on  all  sides  bjr  still  water,  in  other 
words,  that  they  run  over  perfectly  even  beds  and  between  perfectly 
smooth  banks,  cause  them  to  flow  without  the  slightest  agitation,  and 
without  the  ripples  and  inequalities  which  mark  the  currents  of  rivers. 
The  currents  of  oceanic  streams,  therefore,  do  not  in  the  slightest  de- 
gree interfere  with  the  natural  subsidence  of  materials  in  suspension. 
They  are  equally  as  favorable  to  subsidence  as  perfectly  still  water. 
The  surface  transparency  of  the  Gulf-Stream,  therefore,  forms  no  objec- 
tion whatever  to  the  supposition  that  it  carries  sediment  in  the  deeper 
strata.  Such  sediment  would  necessarily  sink  beyond  observation  in 
the  course  of  a  few  hundred  miles. 

Afler  what  I  have  already  said,  the  bare  inspection  of  the  following 
figures  will  be  sufficient  to  show  the  application  of  the  theory  in  the 
formation  of  the  peninsula. 

Figs.  2,  3,  &  4  are  ideal  sections  through  the  middle  of  the  penin- 
sula, along  the  line  p  p  Fig.  1,  representing  the  different  stages  of  the  pro- 
cess, and  showing  how  these  two  agents  concurred  in  the  formation  of  the 
peninsula.  In  all  the  figures  //is  the  sea  level,  G  S  the  Gulf-Stream, 
c,  c/', a', a,  sections  of  the  lines  c d,  cP  Wy  of  l/^ah  oi  Fig.  1.  In  fig. 2, c 
represents  the  southern  coast  of  Florida,  at  some  time  previous  to  the 
present  elongation  of  the  peninsula,  that  is,  when  it  was  in  the  pres- 
ent position  of  the  northern  shores  of  the  everglades;  cn'^'o^  the  sea 
bottom  at  that  time  sloping  into  the  Gulf-Stream,  G  Sy  n"  the  point 
where  the  depth  of  sixty  feet  is  attained.  At  this  point  grew  a  reef  ((/), 
leavi|ig  a  ship  channel  e  between  itself  and  the  southern  coast  (c). 
Fig.  3  represents  the  condition  of  things  when  by  sedimentary  deposit 
the  sea  bottom  had  become  ci'  n!  o\  the  reef  (a'^)  had  become  a  line  of 
keys,  the  ship  channel  e  had  become  shoal  water  dotted  over  with  man- 
grove islands  (not  here  represented),  and  another  reef  (a')  had  formed 
at  the  limiting  depth  of  sixty  feet,  and  another  ship  channel  ef  between 
it  and  the  previous  reef.  Fig.  4  represents  the  condition  of  things 
when  the  sea  bottom  had  advanced  to  a'  n  o.    Now  a"  the  line  of  keys  of 
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the  last  figure  has  become  the  southern  coast,  and  the  shoal  water  e 
has  become  the  everglades  o^,  the  reef  of  the  last  figure  has  become  a 
line  of  keys,  and  its  ship  channel  e^  shoal  water,  and  at  the  limiting 
depth  of  sixty  feet  still  another  reef  a  with  its  ship  channel  f!'  has 
been  formed.  This  figure,  therefore,  represents  the  present  condition 
with  the  supposed  former  conditions  in  dotted  outline. 

(•10) 
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It  is  evident  that  if  this  theory  be  correct,  and  no  insuperable  obsta- 
cle is  interposed,  the  Gulf-Stream  maj  continue  to  move  its  bed  aod 
the  point  of  Florida  to  extend  almost  indefinitely.  But  such  an  obsta- 
cle is  interposed  in  the  island  of  Cuba.  The  Gulf-Stream  cannot  move 
much  beyond  its  present  position,  nor  Florida  extend  beyond  the  posi- 
tion of  the  present  reef,  except  at  the  expense  of  Cuba  and  the  Bahama 
Banks.  Cuba  can  never  be  annexed  by  any  natural  agencies  whether 
coral  or  current. 

Or  even  supposing  (as  I  have  already  done)  that  the  position  of  the 
Gulf-Stream  has  always  been  the  same  as  at  present,  and  that  the 
peninsula  of  Florida  was  originally  represented  by  a  tongue  of  still 
water;  yet  substantially  the  same  changes  would  necessarily  have 
occurred.     Fig.  5  is  an  ideal  section  showing  the  succession  of  changes 


upon  this  hypothesis.  The  letters  represent  the  same  things  as  on  Figs. 
2,  3,  &  4.  It  is  evident  that  as  the  point  of  Florida  approached  the 
Gulf-Stream  the  slope  of  the  bottom  would  become  steeper,  and,  there- 
fore, the  limiting  depth  would  h6  attained  at  a  shorter  distance  from 
shore,  the  consecutive  reefs  would  be  formed  nearer  and  nearer  to  one 
another  and  the  intervening  ship  channels  would  become  narrower. 
Inspection  of  Fig.  1  shows  that  this  is  actually  the  case.  We  have  chosen 
to  trace  this  process  only  as  far  as  the  northern  shore  of  the  everglades, 
because  thus  far  we  have  the  most  indisputable  evidence  of  the  recency 
of  the  formation.  But  in  the  same  manner  we  might  carry  it  still 
farther  back  in  time  and  northward  in  space,  and  represent  the  suc- 
cessive reefs  by  which  the  superficial  portions  of  the  rest  of  the  penin- 
sula were  formed.     In  Figs.  4  &  5  the  space  between  n  »'  n"  i^  and  /A 
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equal  to  sixty  feet,  represents  that  portion  of  the  peninsula  which  I 
haye  supposed  to  have  been  formed  bj  coral  agency  alone. 

There  is  one  other  fact  of  great  importance  and  otherwise  inexplica- 
ble which  receives  a  ready  explanation  upon  this  theory,  and  which  I 
think,  therefore,  is  strongly  confirmatory  of  its  truth.  1  allude  to  the 
fact  that  the  successive  reefs  are  formed  at  some  distance  from  one 
another;  in  other  words,  that  the  peninsula  is  formed  by  a  succession  of 
barrier  reefs,  instead  of  a  continuous  southward  growth  of  fringing 
reef.  The  reefs  of  Florida  are  in  some  respects  entirely  peculiar. 
Barrier-reefs  have  heretofore  been  considered  as  always  the  result  of 
subsidence  of  the  sea  bottom,  and  are  invariably  looked  upon  as  the 
sign  of  such  subsidence.  But  in  Florida  we  have  barrier-reefs  where 
it  is  certain  there  has  been  no  subsidence.  We  have  here,  therefore,  a 
new  form  of  barrier-reef.  This  important  fact  did  not,  I  am  sure,  escape 
the  attention  of  Professor  Agassiz,  for  my  own  attention  waa  first 
drawn  to  it  by  him ;  but  I  have  seen  no  publication  in  which  he  has 
alluded  to  the  fact,  nor,  as  far  as  I  know,  has  he  ever  attempted  or 
e?en  thought  of  a  probable  explanation.  The  explanation  which  I 
woukl  ofler  is  as  follows :  — 

It  is  a  well-known  condition  of  coral  growth  that  the  sea  water 
must  be  pure  and  transparent  Corals  will  not  grow,  therefore,  on 
muddy  shores  or  in  water,  upon  the  bottom  of  which  Sediment  is  depos- 
iting. Now  it  must  be  borne  in  mind  that  while  the  Gulf-Stream 
bears  sediment  in  its  deeper  strata  it  is  superficially  transparent,  and 
we  have  already  shown  that  this  must  of  necessity  be  the  case  with 
ocean  streams.  Suppose,  then,  that  the  matters  held  in  suspension  by 
the  waters  of  the  Gulf  of  Mexico,  be  of  such  a  degree  of  fineness  that 
it  sinks  to  the  depth  of  sixty  feet  by  the  time  it  reaches  the  point  of 
Florida.  It  is  evident  that  the  sea  bottom  within  the  curve  cannot 
rise  by  deposit  above  this  level ;  for  all  the  sediment  is  below.  A  stream 
bearing  sediment  in  all  its  strata  from  bottom  to  top,  such  as  a  river  for 
instance,  will  make  land  within  the  curve,  but  an  ocean  stream  will 
only  make  shoal  water  within  the  curve.  In  the  case  supposed,  where 
the  bottom  of  the  shoal  water  rises  to  within  sixty  feet  of  the  surface,  it 
will  cease  to  secure  deposit,  and  the  water  will  remain  perfectly  trans- 
parent. Here,ihen,  it  would  seem,  we  have  the  conditions  necessary 
for  coral  growth.    It  must  be  recollected,  however,  that  upon  a  sloping 
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shore  with  mud  bottom,  such  as  we  have  supposed  always  existed 
at  the  point  of  Florida,  a  fringing  reef  cannot  possibly  form,  for  the 
water  is  rendered  turbid  by  the  chafing  of  waves  i^ainst  the  mud 
bottom ;  but  at  some  distance  from  shore,  that  is,  where  the  depth  <^ 
sixty  or  seventy  feet  is  attained  and  where  the  bottom  is  unaffected  by 
the  waves  therefore,  the  conditions  favorable  for  coral  growth  would  be 
formed.  Here  would  be  formed  a  barrier-reef,  limited  on  the  one  side  by 
the  muddiness  and  on  the  other  by  the  depth  of  the  water. 

I  have  said  that  a  stream  running  through  still  water  and  making  a 
curve  would  deposit  most  of  its  sediment  on  the  inner  side  of  the  curve. 
This  is  certainly  true,  but  it  is  a  more  general  expression  of  the  truth 
to  say  that  a  stream  running  through  still  water  will  deposit  sediment 
on  both  sides  just  where  it  comes  in  contact  with  the  still  water  and  is 
retarded  by  it  It  would  do  so  for  the  same  reason  that  rivers  which 
habitually  overflow  their  banks  form  natural  levees  on  either  side, 
where  the  rapid  current  of  the  river  comes  in  contact  with  the  compar- 
atively still  water  of  the  river  swamp.  It  is  well  known  that  the  nat- 
ural levees  of  the  Mississippi  continue  out  to  sea  in  the  form  of  sub- 
marine banks,  evidently  formed  by  the  checking  of  the  velocity  of 
the  current  on  either  side  by  contact  with  the  still  water  of  the  Gul£ 
If  the  current  is  straight  the  deposit  on  both  sides  will  be  equal,  and 
thus  the  stream  will  form  banks  for  itself.  If  the  stream  is  curved  the 
deposit  will  be  mostly  on  the  inner  side  of  the  curve,  as  already  said. 
Is  it  not  probable  that  the  Bahama  Banks  or,  at  least,  that  portion  of 
them  which  lies  to  the  east  of  Florida  may  have  been  formed  to  a  great 
extent  in  the  same  way  ;  that,  while  the  peninsula  of  Florida  has  been 
made  on  one  side,  the  Bahama  Banks  have  been  made-  on  the  other. 
It  will  be  observed  that  the  great  Bahama  Banks  lie  off  the  eastern 
coast  of  Florida,  and  that  the  Gulf-Stream  runs  in  a  narrow  channel 
between  them.  At  the  point  of  Florida  the  deposit  would,  of  course, 
be  on  the  inner  side  of  the  curve  and  would  go,  therefore,  mostly  or 
entirely  to  the  extension  of  that  peninsula ;  but  afler  the  stream  turns 
northward  and  becomes  nearly  straight,  the  deposit  would  be  also  on 
the  other  side,  and  thus  probably  have  originated  these  banks.  Or, 
even  if  we  suppose  that  there  originally  existed  in  this  position  islands 
or  submarine  hills  which  turned  the  stream  around  the  point  of  Flor- 
ida, these  have,  doubtless,  become  greatly  modified  and  extended  by 
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sedimentary  deposit  Probably,  also,  even  the  general  form  of  the 
Atlantic  bottom,  very  sloping  until  the  Gulf  Stream  is  reached,  and  then 
plunging  rapidly  into  an  almost  unfathomable  abyss,  forming  a  deep 
bed  for  that  stream,  may,  to  some  extent  at  least,  be  accounted  for  in  a 
similar  manner;  for  certain  it  is  that  a  stream  running  through  still 
water  no  less  than  one  running  over  land  will  make  its  own  bed,  only 
in  the  latter  case  by  abrasion  it  cuts  out  its  own  channel,  while  in  the 
former  by  deposit  it  builds  up  its  own  banks. 

This  property  of  ocean  streams,  namely,  that  they  form  banks  or 
ridges  where  they  come  in  contact  with  still  water,  affords  a  possible 
and,  as  it  seems  to  me,  even  a  probable  explanation  of  certain  remark- 
able peculiarities  of  sea  bottom  brought  to  light  by  recent  soundings 
across  the  Gulf-Stream.*  Commencing  from  Charleston,  the  bed  of  the 
ocean  slopes  at  first  very  gently,,  so  that  at  the  distance  of  fifty  miles 
from  shore  it  attains  only  the  depth  of  twenty  fathoms,  and  then 
very  rapidly  so  that  in  twenty-five  miles  more  it  sinks  to  the  depth  of 
seven  hundred  fathoms  or  more.  At  the  additional  distance  of  another 
twenty-five  miles,  that  is,  one  hundred  miles  from  shore,  at  the  depth  of 
three  hundred  fathoms  is  found  a  ridge  rising  from  unfathomable  depth 
on  one  (coast)  side,  and  one  thousand  Ave  hundred  feet  above  the  hol- 
low on  the  other  side.  At  the  distance  of  a  little  more  than  twenty 
miles  more  is  found  another  ridge  five  hundred  feet,  high,  followed  by 
still  another  hollow.  Farther  observations  show  that  the  Gulf-Stream 
is  divided  into  longitudinal  bands  or  streams  of  warm  and  cold  water, 
and  that  the  warm  bands  correspond  to  the  hollows,  and  the  cold  bands 
to  the  ridges. 

Now  these  ridges  and  hollows  may  be  conceived  to  have  been  formed 
in  either  of  two  ways,  namely,  by  igneous  or  by  current  agency.  As 
upon  land,  valleys  are  formed  either  by  igneous  or  aqueous  agency ;  that 
is,  may  be  valleys  of  elevation  or  valleys  of  erosion  ;  so  also  in  the  sea, 
ridges  may  be  formed  by  igneous  or  current  agency,  that  is,  may  be 
ridges  of  elevation  or  ridges  of  deposit.  In  either  case  there  would  be 
conformity  between  the  direction  of  the  ridges  and  the  direction  of  the 
current ;  only,  in  the  one  case  the  current  would  conform  to  the  ridges, 
and  in  the  other,  the  ridges  would  conform  to  the  current. 

♦  Proc.  Amer.  Asa,  Cleveland  meeting,  p.  167 ;  and  Washington  meeting,  p. 
140.    Silliman's  Joomal,  2d  Series,  Vol.  XXI.  p.  34. 
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In  order  to  account  for  these  ridges  by  this  current-theory,  the  only 
supposition  which  it  is  necessary  to  make,  is,  that  there  exist  in  the 
bed  of  the  Gulf-Stream,  somewhere  to  the  southward  of  the  Charleston 
section,  that  is,  at  the  southern  extremity  of  the  ridges,  two  or  more  sub- 
marine peaks  or  mountains,  possibly  a  spur  of  the  Bahama  chain.  If 
two  such  peaks  existed  in  this  position,  and  rose  so  high  as  to  part  the 
lower  strata  of  the  Gulf-Stream,  there  would  evidently  be  formed  bands 
of  comparatively  still  water  to  the  northward,  and  as  evidently  there 
would  be  lines  of  deposit  determined  by  the  still  water ;  and  the  neces- 
sary result  would  be  the  ridges  discovered  by  the  coast  survey.  We 
see  the  same  thing  on  a  small  scale  in  river  currents.  Every  obsta^ 
which  parts  the  current  determines  the  position  of  a  sand  ridge  oo 
the  lower  side  of  the  obstacle,  and  in  the  direction  of  the  current. 
There  is  this  remarkable  difference,  however,  between  river  and  ocean 
currents,  —  that  while  in  the  case  of  rivers,  the  parted  current  quickly 
closes  again,  and  the  resulting  ridge  is  therefore  very  short, — in  ocean 
currents,  such  as  the  Gulf-Stream,  the  space  between  the  two  parts 
would  be  quickly  filled  by  the  cold  water  of  the  ocean.  The  parted 
currents  would  have,  therefore,  no  disposition  to  coalesce,  but  woaid 
continue  as  bands  of  warm  gulf  water  separated  by  bands  of  cooler  and 
stiller  Atlantic  water,  and  the  resulting  ridges  would  therefore  continue 
for  great  distances.  I  know  not  whether  there  have  been  any  observa- 
tions to  test  the  comparative  velocity  of  the  warm  and  cool  bands,  but 
it  seems  to  me  that,  on  any  conceivable  theory  as  to  the  formation  of 
the  ridges,  the  velocity  of  the  cool  bands  would  be  less. 

Now,  although  it  may  be  impossible  in  the  present  condition  of 
science,  to  determine  with  absolute  certainty  whether  these  ridges  were 
formed  previous  to  the  existence  of  the  Gulf-Stream,  by  igneous  agency, 
or  whether  they  have  been  formed  since  by  the  sediment  carried  by 
the  stream  itself;  yet,  when  we  recollect  that  all  the  other  peculiarities 
of  the  Gulf-Stream  and  the  contiguous  sea  bottom  are  mainly  referable 
to  sedimentary  deposit ;  when  we  reflect  how  simple  and  natural  is 
the  only  supposition  required,  and  how  easily  it  explains  all  the  phe- 
nomena, particularly  the  cold  bands,  which  seem  inexplicable  on  any 
other  theory,  unless  we  suppose  the  existence  of  lateral  currents,  it 
seems  to  me  that  the  weight  of  probability  will  strongly  incline  to  sedi- 
mentary deposit  as  the  cause  also  of  these  ridges.  In  fact,  every  thing 
about  the  Gulf-Stream  seems  to  point  to  the  conclusion  that  it  has  been 
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the  architect  of  its  own  curves,  its  own  banks,  and  its  own  configura- 
tioo  of  sea  bottom. 

There  is  one  other  conclusion  which,  though  not  connected  with  any 
particular  theory  of  the  formation  of  Florida,  is  nevertheless  naturally 
suggested  by  the  subject  of  this  paper.  We  have  seen  that  the  penin- 
sula of  Florida  has  been  progressively  advancing  towards  Cuba  as  a 
fixed  point,  and  the  Gulf-Stream  has  been  becoming  more  and  more 
narrow.  If,  therefore,  as  is  probable,  the  quantity  of  water  carried  by 
the  Gulf-Stream  has  remained  constant,  it  follows  that  the  velocity  with 
which  this  stream  emerges  from  the  Straits  of  Florida,  and  therefore 
the  distance  to  which  it  penetrates  the  still  water  of  the  Atlantic,  has 
been  progressively  increasing.  Now,  unless  there  has  been  some  very 
remarkable  change  in  the  direction  of  this  current,  it  necessarily  fol- 
lows that  its  warming  influence  upon  the  European  Continent  has  been 
also  progressively  increasing.  Have  we  not  here,  if  not  a  sufficient 
cause,  at  least  one  of  the  true  causes  of  that  great  change  which  we 
know  has  taken  place  in  the  climate  of  Europe  since  the  Glacial 
period? 

Thus  we  see  that  the  advancing  point  of  Florida  has  been  progres- 
sively warming  the  climate  of  Europe,  and  thus,  perhaps,  controlling 
the  destinies  of  the  human  race.  Can  we  conceive  a  more  beautiful 
instance  than  this  of  that  sympathy  which  exists  between  the  most  dis- 
tant portions  of  our  globe,  and  which  binds  all  its  members  together 
into  one  organic  whole  ? 


10.  Obseryattons  on  the  Orography  op  the  Western  portion 
OP  the  United  States.  With  a  Map  (not  published).  By 
William  P.  Blake,  Washington,  D.  C. 

The  vast  territory  lying  between  the  Mississippi  and  the  Pacific 
was,  but  a  few  years  since,  an  almost  unknown  region.  Solitary  explor- 
ers had  here  and  there  traversed  the  wilderness  and  brought  home 
thread-like  lines  of  topography  to  lay  down  across  the  great  spaces 
marked  unexplored  upon  our  maps ;  but  wide  and  unknown  blanks  still 


120  NATURAL   HI8TORT. 

remained.  The  explorations  of  Lewis  and  Clarke,  of  Long,  NicoUet, 
and  Fremont  gave  as  the  first  glimpses  of  the  true  stmcture  of  the 
country  along  their  several  lines  of  travel.  Fremont  brought  us  to  a 
knowledge  of  that  singular  feature  in  the  physical  geography  of  Amer- 
ica,— the  Great  Basin,  with  its  included  Great  Salt  Lake,  —  and  gave 
us  the  first  reliable  knowledge  of  the  structure  of  the  great  Sieirt 
Nevada  of  California  and  the  extended  valleys  at  its  western  base. 
But  the  unknown  regions  were  so  vast  that  these  grand  contributioDS 
to  geography  gave  us,  as  I  have  observed,  mere  lines  upon  the  mi^ 
and  great  spaces  remained  blank  and  unknown.  The  materials  were, 
however,  sufficient  to  authorize  extensive  generalizations,  which  map 
publishers  and  others  rapidly  made,  not  always  distinguishing  be- 
tween the  known  and  the  hypothetical.  The  result  was,  that  onr 
maps  left  us  little  to  desire,  all  the  spaces  were  filled,  and  few 
could  distinguish  between  the  true  and  the  fanciful.  Thus  those  per- 
sons who  have  formed  a  conception  of  the  orography  of  the  great 
region  west  of  the  Mississippi  from  the  ordinary  maps  have  not  at- 
tained a  true  idea  of  its  surface  or  configuration. 

The  recently  completed  surveys,  made  to  determine  the  most  practi- 
cable railroad  route  to  the  Pacific  Ocean,  have  made  great  additions  to 
our  previous  knowledge.  Indeed,  it  is  believed  that  such  extaisive 
contributions  to  the  geography  and  natural  history  of  the  interior  of  any 
country  have  never  before  been  made  in  a  similar  space  of  time.  Eight 
expeditions  were  sent  out,  each  having  an  independent  outfit,  ia- 
structions,  and  line  to  survey.  They  crossed  the  country  near  differ- 
ent paralleb  of  latitude,  and  their  routes  were  selected  with  reference 
to  the  unexplored  spaces.  In  many  cases  these  parties,  when  in  the 
field,  were  subdivided,  and  thus  wider  or  parallel  belts  were  explored. 
The  combined  results  of  these  surveys,  when  plotted  on  the  map  of  the 
Territories,  fill  up  nearly  all  the  previously  blank  spaces,  and  serve  to 
connect  together  the  results  of  explorations  previously  made.  The 
position,  direction,  and  altitude  of  ranges  of  mountains  not  before 
described  have  been  made  known.  The  direction  and  position  on  the 
map  of  a  part  of  the  Great  Colorado  and  other  rivers  have  heea 
changed ;  and  the  boundaries  of  the  Great  Basin  have  been  restored  ta 
the  limits  originally  assigned  by  Fremont  The  attention  of  the  sur- 
veys having  been  specially  directed  to  the  determination  of  altitudes 
and  grades,  and  a  large  number  of  accurate  instruments  having  bees 
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pvoyided  for  this  purpose^  the  resolU  have  an  unnsoal  intevest  in  an 
orographic  point  of  view.  The  altitudes  of  a  great  number  of  mountain 
passes  in  M  of  the  prindpal  ranges  of  mountains  from  the  northern 
boandary  line  to  Mexico  have  been  very  accurately  determined,  and 
tbe  iDclination  of  the  slopes  on  each  side  made  known.  The  materials 
which  had  been  coUected  at  the  date  of  publication  of  the  preliminary 
reports*  were  sufficient  to  permit  of  the  construction  of  five  profiles  of 
the  country  from  the  Mississippi  to  the  Pacific  These  were  reduced 
to  one  scale  and  published  on  one  sheet  under  the  direction  of  the  Seo- 
retary  of  War.  With  such  an  accumulation  of  new  material  it  is  not 
surprising  that  previously  constructed  maps,  and  even  the  large  map 
published  from  thQ  Bureau  of  Topographical  Engineers  in  1850,  which 
caBtained  much  that  had  not  the.  authority  of  actual  observation,  should 
be  found  gready  in  error. 

It  is  from  these  new  materials,  together  with  the  results  of  previous 
explorations,  that  I  have  prepared  the  map  which  is  before  us,  on 
which  I  have  laid  down  the  principal  mountains  in  black  lines.  I  have 
attempted  to  present  the  trends  of  the  principal  ranges  as  accurately  as 
possible,  and  to  avoid  the  errors  which  result  from  drawing  continuous 
lines  ct  mountains  along  the  water-shed,  or  divides  between  streams 
without  regard  to  the  structure  or  magnitude  of  different  portions  of 
the  chain. 

The  great  number  and  wide  distribution  of  the  mountains,  and  the 
variety  of  names  under  which  the  same  chain  is  known  at  different 
phoes,  make  it  necessary  to  consider  them  in  groups^  in  order  to  facili- 
tate descriptions  and  comparisons.  We  may  readily  form  them  into 
groups  by  taking  advantage  of  the  great  geographical  features,  and 
iadeed»  tjbey  are  already  separated  by  Nature  into  three  great  divisions, 
which  may  be  described  in  general  as  foUows. 

Tbe  first  group  consists  of  the  great  line  of  water-shed  between  the 
Paaific  and  the  Atlantic  Oceans,  commonly  known  in  part  as  the  Bocky 
Mountains,  and  extending  from  the  table^land  of  Mexieo  to>  and  beyond 
thenortbem  boundary. 

The  seoond  may  indude  the  Sierra  Nevada  of  California  and  its 
pcokngi^ions  south  into  Lower  California  and  north  into  Oregon  and 

•  Beport  of  Hon.  Jefferson  Davis,  Sdcretary  of  War,  on  the  several  Pacific  Bail- 
road  Baifi'Dratioiii.    Bemae  Doc.  129.    Washington,  1855. 

(11) 
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Washington  Territories,  also  all  the  ranges  between  this  chain  and  the 
coast  —  the  Coast  Mountains  of  California. 

The  third  group  comprises  the  numerous  and  broken  ranges  lying 
between  the  first  and  second  groups ;  the  ranges  of  the  Great  Basia 
and  Salt  Lake,  and  along  the  Gila. 

The  first  group  is  sufficiently  characterized  and  separated  from  the 
rest  by  being  the  dividing  ridge  or  crest  of  the  continent  from  whick 
the  waters  fiow  each  way  into  the  Pacific  and  Atlantic  The  aeoood 
is  characterized  by  its  lofly  and  unbroken  line  of  snowy  peaks  forming 
a  great  wall  along  the  Pacific  The  third  is  well  separated  from  the 
first,  by  the  yalleys  of  the  Colorado  and  Green  Rivers  on  the  sooth, 
and  Snake  River  on  the  north ;  while  on  the  west,  it  is  separated  from 
the  second  group  by  the  well-defined  line  of  snowy  heights  of  the  Stefxa 
Nevada,  and  further  south  by  the  low  valley  of  the  Colorado  Desert 
and  the  Gulf  of  California. 

It  will  thus  be  seen  that  these  divisions  of  the  mountains  are  foonded 
upon  geographical  distinctions  and  not  on  the  geological  ages  or  rela- 
tions of  the  chains,  although  it  is  believed  that  the  same  divisions  wiM 
be  convenient  for  geological  descriptions.  Two  other  groups  maj  be 
formed  of  the  long  line  of  azoic  rocks  extending  north-west  from  the 
Great  Lakes,  and  of  the  Appalachian  chain  and  its  extension  north 
through  New  England  and  Canada,  and  thus  all  the  principal  chaiu 
of  the  continent  will  be  included. 

I  now  proceed  to  a  description  of  the  leading  features  of  eath  giaop. 

We  find  the  northern  portion  of  the  first  group  to  be  comprised  of 
three  principal  and  nearly  parallel  ranges,  —  the  Rocky  Monatains 
proper,  the  Bitter  Root  Mountains,  and  the  Cour  d'  Alene  Moantains. 
The  last  two  ranges  are  intersected  by  the  head  waters  of  the  ColioD- 
bia  River,  but  they  are  very  properly  referred  to  this  group.  The 
Bitter  Root  range  extends  from  about  latitude  46^  to  <]!lai^8  ftrk 
of  the  Columbia,  and  is  prolonged  beyond  it  to  the  eastern  side  of  Fkit 
Bow  Lake,  where  it  is  known  by  another  name ;  a  parallel  chain,  or 
possibly  a  portion  of  the  same,  is  there  called  Kootanie  Mountaii^ 
The  Bitter  Root  range  is  considered  to  be  more  lofty  and  rugged  dna 
the  Rocky  Mountains,  with  which  it  is  joined  by  the  dividii^  ndgos 
between  the  Bitter  Root  River  and  the  Jefilerson  fork  of  the  liGsaoini 
The  Salmon  River  Mountains,  further  south,  may  be  regarded  as  con- 
nected with  these  ranges.    The  Rocky  Mountains  proper  extend,  in 
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our  territories,  from  the  boundary  in  a  direction  soath  20^  east,  260 
miles,  to  lat.  46^,  where  they  curve  to  the  south-west,  and  unite  with 
the  Bitter  Root  range.  From  this  point  south,  there  is  but  one  range, 
of  which  however  very  little  is  now  known,  until  it  unites  with  the 
Wind  River  Mountains,  which  extend  south  40°  east  for  about  170 
miles  to  the  depression  known  as  the  South  Pass.  In  this  range  we 
have  the  highest  point  of  the  group  —  Fremont's  Peak,  13,570  feet  in 
altitude. 

From  the  southern  end  of  this  range  to  the  next,  there  is  a  wide 
interval  without  any  mountains.  The  country  is  a  table-land  or  gently 
rdling  prairie,  bat  has  an  elevation  of  about  7,500  feet.  We  find  on 
most  of  the  maps  published  up  to  this  time  the  representation  of  a 
range  of  mountains  east  of  the  South  Pass,  and  extending  from  the 
vicinity  of  Fort  Laramie  to  Fort  Union  on  the  Missouri.  Recent 
explorations  made  by  Lieut  G.  K.  Warren,  U.  S.  Topographical  Engi- 
neers, show  that  there  is  no  range  of  mountains  there ;  the  country 
is  a  table-land  or  plateau. 

About  140  miles  south-east  of  the  extremity  of  the  Wind  River 
range,  we  find  the  mountains  again  extending  in  parallel  ridges  towards' 
the  south,  and  inclosing  wide  rectangular  valleys  known  as  the  Parks. 

The  first  or  Medicine  Bow  range  is  nearly  coincident  in  its  direction 
with  the  Wind  River  Mountains,  and  it  is  separated  from  a  parallel 
range  south-west  of  it  by  the  head  waters  of  the  Platte  River.  These 
Boontains,  south  of  the  Medicine  Bow  range,  as  represented  upon  the 
maps,  di^lay  a  singular  rectangular  intersection  of  the  ridges,  which 
is,  however,  believed  to  be  in  great  part  caused  by  drawing  lines  of 
mountains  along  the  divides.  It  is  most  probable  that  the  ridges  are 
nearly  parallel,  and  I  have  attempted  to  show  what  is  probably  their 
tme  structure  on  the  map.  These  mountains  are  generally  known  as 
the  PariL  Mountains,  and  extend  on  the  south  to  the  sources  of  the 
Arkansas  lEUver.  Their  general  direction  is  north  and  south,  and  some 
of  the  highest  peaks  of  the  group  are  found  there. 

South  of  these  Park  ranges  we  find  the  broken  and  composite  char- 
acter of  the  chain  still  preserved.  The  ranges  are  numerous,  and 
known  by  different  names.  They  inclose  long  valleys,  through  which 
the  Bio  Grande  fiows,  occasionally  breaking  across  the  low  points  of 
the  ranges,  and  thus  entering  several  valleys  in  succession.  On  the 
east  of  the  stream  we  find  the  Santa  F^,  Sandia,  Manzana,  Organ,  and 
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Hueoo  ranges ;  and  on  the  west  the  San  Joan,  Chasoa,  and  Sierra 
Madre.  The  Sierra  Madre  diverges  from  the  Rio  Grande,  a  few  miks 
south  of  the  paraUel  of  34^,  and  trends  about  north  20^  west  until  it 
disappears  in  the  table-lands  near  the  parallel  of  36^.  The  Organ 
Moantains,  on  the  other  side  of  the  river,  appear  to  be  more  northeilj 
in  direction,  trending  north  14^  west.  This  is  aboat  the  trend  of  the 
Sierra  San  Juan  and  the  Hueoo  range.  The  Santa  F^  range  and  the 
mountains  north  as  far  as  the  Sangre  de  Cristo  Pass  appear  to  be 
nearly  north  and  south  in  their  trend.  The  onlj  range  with  a  north- 
east trend  is  found  east  of  the  Hueoo  range,  and  west  of  the  Feoos 
Biver,  and  is  known  as  the  Guadalupe.  It  trends  north  38^  east,  and 
may  be  regarded  as  a  part  of  the  line  of  north-east  and  south-west  ele- 
vations which  are  found  through  Texas  and  Arkansas. 

We  have  thus  followed  the  great  chain  of  mountains  fbrming  th^ 
group  from  the  British  possessions  on  the  north  to  the  Mexican  boun- 
dary on  the  south.  The  length  of  this  great  chain,  or  rather  the  distance 
over  which  it  extends  in  the  territory  of  the  United  States,  is  about 
1,400  miles.  Its  general  direction  may  be  said  to  be  north-mHth-west 
and  south-south-east ;  but,  as  we  have  seen,  there  are  several  local  but 
decided  deflections.  The  mdst  prominent  is  that  of  which  tiie  Wind 
Biver  range  fbrms  a  part,  where  the  direction  becomes  about  north  55^ 
west.  The  trend  of  the  Santa  F^  range  and  the  Organ  range  is  neariy 
north  and  south,  while  the  Bitter  Boot  and  "Rockj  Mountain  range 
proper  trend  about  north  25^  west  A  well-defined  parallelism  of 
ranges  is  preserved  throughout  this  group,  being  distinct  along  the  Bio 
Grande,  south  of  the  Paric  ranges.  Here,  there  are  three  or  more 
parallel  ranges  inclosing  long  valleys. 

We  can,  as  yet,  form  only  an  approximate  estimate  of  the  general 
elevation  of  the  whole  or  principal  chain,  although  our  knowledge  ef 
the  height  of  the  passes  has  been  greatly  increased.  The  prindpal 
measuremmts  which  have  been  made  are  presented  in  the  fUlowii^ 
table. 
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TABLE   OF  PASSES. 


PaM. 

Bngt. 

AltftiMk. 

Anthortty. 

Marias  PuM. 

Rocky  Monntains. 

7,600 

Stevens. 

Lewis  and  Oariw's, 

«    "'          u 

6,323 

« 

Cadottes. 

«           «« 

6,044 

« 

HeHGate. 

«           « 

6,000 

u 

ixr t^^-u^  ■d:«^\ 

Bitter  Root 

7,040 

tl 

South  Pass. 

Wind  River. 

7,490 

Fremont. 

Bridgers. 

7,500 

StansbuTT. 

Cherenne. 

Black  Hills. 

« 

(Namelefis) 

Park  Mountains  between 

New  and  Old  Parks. 

9,M0 

Fremont. 

(Nameless) 

Park  Mountains  between 

Old  and  South  Parks. 

11,200 

« 

CochetopA* 
Sangreoe  Ciisto. 

San  Juan. 

10,092 
9,396 

Chmnison. 

Raton. 

Raton. 

7,479 

AlbaqueimM  (San  Antonio). 

Campbell's. 

Camino  del  Obispo. 

Sandia. 
Sierra  Madre. 

6,937 
7,750 

Whipple. 

« 

<(         « 

7,946 

a 

£1  Paso  del  Norte. 

Organ  Mountuns. 

31,830 

Parke. 

Hueco. 

Hueco. 

4,811 

Pope. 

Goadali^e. 

Qnadalnpe. 

5,717 

u 

We  see  fit>m  this  table  that  the  altitude  of  the  passes  decreases,  both 
towards  the  north  and  the  south,  the  greatest  height  being  found  in 
the  Park  ranges  near  the  parallel  of  40^,  or  at  the  sources  of  the 
south  fork  of  the  Platte  Riyer. 


SECOND   GROUP. 

The  monntains  of  the  second  group,  at  the  extreme  north  near  the 
boondarj,  are  as  yet  but  little  known  to  explorers.  It  is,  however, 
certain  that  the  extended  range  of  the  Cascades  has  a  nearly  nc^th 
and  sonth  trend,  and  is  continuous,  —  broken,  of  course,  by  passes  and 
a  deep  gorge  at  the  Columbia,  —  from  the  British  Provipoes  to  the 
California  line.  This  range,  throughout  its  extent,  is  characterized  by 
a  line  of  lofty  volcanic  cones,  their  summits  being  coyered  with  perpet- 
ual snow.  The  laya  which  has  flowed  from  them  has  extended  far 
from  their  bases,  and  has  coyered  the  greater  part  of  the  rocks  of  the 
range  from  view.  It  is  most  conyenient  to  regard  the  Cascade  range 
as  terminating  at  the  south  at  the  Klamath  Riyer,  near  the  boundaxy 
between  California  and  Oregon.    The  peak  of  Shasty  might,  howeyer, 
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be  very  properly  regarded  m  a  pmtt  of  the  range,  it  being  the  last  of 
the  series  of  yolGaDic  oones.  This  mountain  rises  north  of  Pitt  Biver^ 
and  is  in  this  way  partly  isolated  from  the  Sierra  Nevada.  Its  eleya- 
tion  is  now  estimated  to  be  not  less  than  20,000  feet 

We  do  not  find  the  great  snowy  range,  or  the  Sierra  Nevada  to  be 
composed  of  one  continuous  elevated  ridge,  forming  a  sharp  snowy  creet, 
as  is  generally  supposed.  It  is  formed  of  many  and  nearly  parallel 
ranges  which  inclose  elevated  valleys,  precisely  as  in  the  Great  Basin. 
The  northern  part  of  the  Sierra  is  fattened  down  into  broad  table- 
lands or  a  plateau,  hemmed  in  on  both  sides  by  ranges.  Theplateaa  in 
the  vicinity  of  the  Madelin  Pass  is  about  twenty  miles  broad,  and  has 
average  elevation  of  about  5,000  feet,  the  ranges  on  each  side  rising 
from  500  to  8,000  feet  higher.  The  plateau  is  irregular  and  broken 
by  short  ranges,  but  extends  northward  into  Oregon  to  Lake  Abert,  and 
the  numerous  small  lakes  in  its  vicinity.  These  lakes,  in  fiiu^  occapy 
the  lowest  portion  of  the  plateau,  and  a  chain  of  them  is  formed  along 
the  whole  crest  of  the  Sierra  to  its  southern  end.  This  oonsdtntea  a 
peculiar  and  interesting  feature  of  these  mountains,  and  shows  the 
great  amount  of  precipitation  on  their  summits. 

The  passes  through  these  mountains  generally  foUow  the  plateaux, 
and  either  turn  the  points  of  the  isolated  ridges,  or  cross  them  at  their 
lowest  point  We  find,  in  passing  southward  along  the  crest,  that  the 
elevation  of  these  plains  increases.  This  is  shown  by  the  obserr*^ 
tions  of  those  who  have  searched  for  locations  for  a  wagon  road. 
Thus,  Carson's  Pass,  and  that  traversed  by  Fremont  in  1844,  are 
nearly  8,000  feet  high,  and  one,  from  Sonora  to  Walker^s  Biver  iff 
10,083  feet 

Still  farther  south,  the  chain  commences  a  deflection  €o  the  west,  and 
liere,  the  altitude  decreases.  The  peculiar  broken  charact^  is,  how- 
ever, preserved,  and  we  find  high  valleys  beautilully  wooded  witk 
•aks  and  covered  with  grass.  Here  the  passes  vary  from  5,300  fwtto 
4,000  feet  in  elevation,  the  plains  being  about  3,500  feet  The  width 
of  the  rocky  outcrops  is  also  reduced  at  the  Tejon,  to  aboot  thirteen 
miles,  and  the  ridges  do  not  attain  an  elevation  of  over  7,000  feet  B 
here  unites  with  the  transverse  diain,  the  Bemu'dino  Sierra,  and 
this  may  be  considered  its  southern  extremity,  its  northern  being  ai 
the  end  of  the  Cascade  range.  It  thus  extends  over  a  distance  of 
about  five  hundred  and  seventy  miles,  and  has  the  average  trend  N. 
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27^  W.  Its  Dorthem  portion  i«  nearly  north  and  sooth ;  its  central 
N.  80^  to  85^  W. ;  and  its  sonthem  end  has  a  remiokable  bend  to  the 
secith-west.  We  here  have  a  north-east  trend,  abnost  the  only  exam- 
ple west  of  the  Guadalupe  Mountains. 

The  next  range^  the  Bernardino  Sierra,  or  the  southern  exten- 
sion of  the  Sierra  Neyada,  has  an  entirely  different  direction,  and 
makes  a  sudden  and  remarkable  deflection  to  the  south-east  Indeed, 
its  trend  is  N.  76^  W.,  nearly  transverse  to  the  Sierra  Neyada.  It  is 
nearly  parallel  with  the  adjoining  coast,  having,  in  &ct,  determined  its 
trend,  and  extends  from  the  vicinity  of  Point  Conception,  eastwardly 
to  the  high  peak  of  San  Bernardino.  It  forms  part  of  the  southern 
boundary  of  the  Great  Basin,  and  has  an  average  elevation  of  about 
6,000  feet,  its  highest  peak,  San  Bernardino,  being  probably  over 
8,000  feet  in  height. 

Passing  still  further  south  in  our  descriptions,  we  find  the  chain 
again  changing  its  direction  at  the  San  Bernardino,  or  San  Grorgofio 
Pass.  From  thb  point  southward,  high  ridges  extend  uninterruptedly 
to  and  beyond  the  boundary  line,  and  indeed  are  found  throughout 
the  whole  length  of  the  California  Peninsula.  I  have  described 
these  mountains  under  the  name  of  Peninsula  Sierra.  The  northern 
portion  of  the  chain,  within  the  limits  of  the  State  of  California, 
appears  to  trend  nearly  north  and  south,  (to  the  observer  who  stands 
in  the  valley  of  San  Bernardino,)  but  in  reality,  it  deflects  westward, 
and  the  main  direction  may  be  considered  N.  23^'  W.,  to  N.  BO""  W* 
for  the  wh(^e  length.  The  peak  of  San  GrorgoSo,  the  highest  peak 
north  of  the  boundary,  is  probably  7,500  feet  in  elevation. 

The  Coast  Mountains  of  California  are  included  in  this  group.  They 
consist  of  many  parallel  ranges  indoeing  large  and  fertile  valleys,  and 
liius  form  a  broad  belt  of  mountains  along  the  coast.  The  ranges 
south  of  the  Golden  Gate  are  known  under  many  local  names;  as,  for 
example,  San  Bruno  range,  Santa  Cruz  range,  Gabilan  range,  and 
Sierra  Santa  Lucia.  The  topography  of  that  region  is  not  yet  accu- 
rately known,  and  definite  and  detailed  descriptions  cannot  now  be 
^ven.  It  is  probable  that  these  ranges  do  not  average  over  8,000  or 
4,000  feet  in  elevation.  Monte  Diabb,  the  highest  peak,  near  San 
Fram^co,  is  about  4,000  feet  high.  North  of  the  Gk)lden  Gate,  the 
mountains  are  higher,  and  occupy  a  greater  area  from  east  to  west 
The  general  trend  of  the  ranges  is  north-westerly. 
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We  are  yet  without  sufficient  data  to  enable  us  to  form  a  just  esti- 
mate of  the  average  eleyation  of  the  great  chain  which  forms  the  sec- 
ond group,  but  the  height  of  many  of  the  passes  is  given  in  the  annexed 
table. 

TABLE   OF  PASSES  IN   THE   CALIFORNIAK   CHAIN. 


PSM. 

Buge. 

Altttode. 

Antimf^. 

Yakima. 

Cascade. 

3,467 

Stevens. 

Naches. 

« 

5,000 

M 

8noquaIme. 

tt 

3,500 

M 

Colnrobia  Rirer. 

u 

Madelin. 

Sierra  Nevada. 

5,667 

Beckwith. 

Nobles. 

«          « 

6,346 

cc 

Johnsons. 

«          « 

6,752 

Goddaia. 

Daggetts. 

«          « 

6,824 

tt 

Carson  (Fremonts  ?). 

tt              it 

7,972 

u 

West 

«              tt 

9,036 

tt 

Walker's  River  to  ) 
Sonora,               } 

tt              « 

10,133 

€t 

Walkers. 

tt              tt 

5,300 

WHliajMon. 

Tahechaypah. 

tt              tt 

4,000 

tt 

'Hampabyamnp. 

tt              tt 

5,351 

*t 

Tejon. 

Cafiada  de  las  IJyas. 

tt              tt 

5,364 

It 

tt              tt 

4,256 

It 

Williamsons. 

Bernardino. 

3,164 

u 

San  Francisqnito. 

tt 

3,440 

tt 

Cajon. 

San  Bernardino  or ) 

San  Gorgofio.         ) 

tt 

4,676 

tt 

Peninsula. 

2,808 

tt 

Warners. 

f« 

3,780 

tt 

THIRD    GROUP. 

The  mountains  which  are  classed  in  the  third  groap  do  not  fonn 
one  long  and  continuous  chain,  as  in  the  first  and  second.  The  ranges 
are  exceedingly  numerous,  and  are  ranged  in  parallel  lines  with  a  gen- 
eral north  and  south  direction  over  a  broad  area.  As  a  group,  they 
are  most  readily  considered  in  their  succession  from  east  to  west  rather 
than  from  north  to  south. 

Along  and  near  the  parallel  of  41^  the  most  prominent  or  princtpal 
range  is  known  as  the  Wahsatch  Mountains.  These  mountains  rise  on 
the  eastern  side  of  the  Great  Salt  Lake,  and  extend  towards  the  south, 
forming  the  eastern  rim  of  the  Great  Basin.  Between  this  range  and 
the  Sierra  Nevada,  there  is  a  constant  succession  of  ridges,  which  are 
short  and  much  broken,  but  are  arranged  in  parallel  lines,  and  gener^ 
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aBj  trend  north  and  south.  Their  altitude  varies  from  1,500  to  8,000 
feet  above  the  general  sur&ce  of  the  basin.  This  general  surface  or 
succession  of  slopes  and  valleys  between  the  ranges,  along  the  parallel 
of  41^,  has  an  average  elevation  of  4,500  feet  There  is  one  great 
swell  of  the  surface  about  midwaj  between  the  lake  and  the  Sierra, 
which  is  produced  bj  the  Humboldt  Mountains,  the  principal  range  of 
the  basin.  It  reaches  an  altitude  of  nine  or  ten  thousand  feet,  or  two 
to  three  thousand  feet  above  the  plain,  and  the  summit  of  the  principal 
pass  through  it  is  6,579  feet  above  the  sea.  The  range,  so  far  as 
known,  extends  from  the  Snake  River  on  the  north  to  the  parallel  of 
40^,  but  is  probablj  continued  further  south,  and  is  nearly  in  a  line 
with  the  Pai-Ute  range  separating  the  Colorado  from  the  Great 
Basin  farther  south. 

On  a  line  westward  from  Santa  F^  or  Albuquerque,  near  the  paral- 
lel of  85^,  we  also  find  in  succession,  the  Mogojon,  Aztec,  Aquarius, 
Cerbat,  Ak-mok-ha-bi,  and  the  Pai-Ute  ranges.  Thej  are  all  nearly 
parallel,  and  have  a  north-westerly  trend.  The  Mogoyon  range  exhibits 
the  greatest  departure  from  parallelism,  apparently  trending  in  its  south- 
ern portion  towards  the  east  and  uniting  Mrith  the  ranges  of  the  first 
group,  along  the  Rio  Grande.  The  Aztec  range  appears  to  be  contin- 
uous southward,  from  near  the  Colorado,  to  and  beyond  the  Gila  to  the 
Mexican  line.  The  Aquarius  and  Cerbat  ranges  also  appear  to  com- 
mence near  the  Colorado,  and  extend  to  the  Gila.  The  Pai-Ute  range 
is  composed  of  many  minor  ridges,  which  form  a  part  of  the  wall  of 
separation  between  the  Great  Basin  and  the  Colorado.  This  range  is 
connected  with  the  short  isolated  ridges  and  ranges  of  the  Great 
Basin.  StiU  west  of  the  Pai-Ute  Mountains,  there  is  a  succession  of 
mountiun  ridges  forming  a  range  bordering  the  Colorado  Desert  on 
the  east  It  appears  to  trend  south-easterly  across  the  Colorado  and 
Oila  near  their  confiuence. 

It  is  most  probable  that  all  these  ranges  are  connected  with,  or  are 
in  the  line  of  prolongation  of,  the  princiiial  ranges  at  the  north  already 
noticed.  Thus,  the  Humboldt  Mountains  probably  find  their  southern 
continuation  in  the  Pai-Ute  range,  and  die  Wahsatch  in  the  Mogoyon. 
It  is,  however,  possible  that  the  southern  end  of  the  Wahsatch  range 
trends  towards  the  west,  conforming  to  the  curvature  of  the  Colorado, 
and  similarly  to  the  southern  end  of  the  Sierra  Nevada. 

This  general  notice  of  the  ranges  includes  only  the  most  prominent 
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or  well-known  lines  of  elevation.    An  idea  of  their  relations  and  gen* 
end  direction  will  be  best  obtained  by  reference  to  the  map. 

TABLE   SHOWING   THE   ELEVATION    AND    POSITION    OF  THE   PRINCI- 
PAL PASSES   IN   THE   RANGES   OF  THE  THIRD   GROUP. 


PMt. 

Bngt. 

Bletmtlon. 

AnttMdty. 

Fah-o-tom  Mottntaiiis,  ) 

(First  range  west  of 
Salt  Lak^.              ) 

6,364 

Beckwith. 

Granite  Mountains. 

4,666 

n 

Fi-jaritHa4>L 

5,076 

*€ 

Goshoot. 

Goshoot 

6.992 

t« 

Wa-ro-ja. 

6,726 

€€ 

Humboldt 

Humboldt 

6,579 

€€ 

Agate. 

Quartz  Mountains. 

5,441 

•€ 

Fond  Mountains. 

4,648 

€€ 

West  Humboldt 

4,141 

€t 

Cold  Spring. 

5,473 

€t 

Passes  aronnd  the  Mud 
Lakes. 

Blade  Bock  Ranges.  1 

4,079 

to 
5,478 

€t 

Uintah. 

Uintah. 

8,378 

Gunniaon. 

WahsatchGap. 

Wahsatch. 

7,820 

** 

Ahmokhabi. 

Fai-Ute. 

5,268 

Whipple. 

San  Fnmdsoo. 

Mogoyon. 

7,472 

ft 

Aztec. 

Aztec. 

6,281 

€t 

ElDado. 

5,183 

U 

HaTing  now  described  the  prominent  orographic  features  of  eadi 
gronp,  and  shown  that  the  first  and  the  second  include  great  chains 
which  are  geographically  distinct,  I  propose  distinctive  names  for  th^n 
by  which  they  may  be  conveniently  known  in  descriptions,  and  which 
will  not  conflict  with  the  names  now  applied  to  any  portions  of  them. 

For  the  first  group,  it  may  be  said  that  the  name  Rocky  Mountains 
IS  already  well  known  and  sufiicient  for  the  whole  chain  which  I  have 
described.  But  this  is  a  local  name,  and  pertains  to  a  small  pcMtioo 
only  of  the  great  chain, — a  portion  north  of  the  parallel  of  46^.  The 
ranges  further  south  were  known  by  other  names  long  before  die 
name  Bocky  Mountains  came  into  use ;  and  being  then  within  the  limits 
of  Mexico,  received  Spanish  names,  by  which  they  are  now  known. 
Moreover,  the  great  chain  extends  down  into  Mexico,  and  north  to 
the  Arctic  Sea  or  from  one  end  of  the  continent  to  the  other.  As  it 
may  be  said  to  commence  in  the  south,  where  it  forms  nearly  the  whc^ 
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of  the  great  table-land  of  Mexico,  or  Anahuae^  I  propose  to  call  it  the 
Anahuackian  Chain, 

For  the  second  great  chain  which  trayerses  the  two  Califomias,  it  is 
thought  that  a  more  appropriate  name  than  Califomian  Chain  cannot 
be  found.  It  might  with  great  propriety  be  called  the  Aurian  Chain 
or  Columbian  Chcnn,  both  of  these  names  haying  been  considered,  but 
relinquished  in  fayor  of  the  former,  the  onlj  objection  to  which,  that 
occurs  to  me,  being  the  danger  of  regarding  the  chain  as  confined  to 
the  limits  of  the  Califomias,  while  the  name  is  intended  to  include  the 
Cascade  ranges  and  their  northern  prolongations. 

For  the  mountains  of  the  third  group,  I  suggest  the  use  of  the  gen- 
eral appellation  Aztecian  Chctins  or  Great  Boiin  Chains^  until  further 
explorations  shall  show  us  their  relations  with  more  detail,  and  permit 
more  definite  diyisions  to  be  made. 

These  names  harmonize  with  the  elegant  general  title  proposed  for 
the  Alleghanies  and  their  extensions  bj  the  Messrs.  Rogers ;  a  name 
which  has  now  passed  into  general  use,  and  the  utility  of  which  is 
abundantly  proyed. 

The  two  great  chains  are  each  about  1,500  miles  in  length,  within 
the  territory  of  the  United  States,  but  the  Oalifomian  chain  extends 
along  the  peninsula  800  miles  further  south,  and  the  Anahuachian 
becomes  the  table-land  of  Mexico.  We  find  that  the  greatest  breadth 
of  surface  coyered  by  the  chains  is  along  the  parallel  of  40^  from  long. 
105"^  30^  to  124^,  or  about  1,200  miles.  This,  howeyer,  includes  the 
eleyated  table-land  at  the  sources  of  the  Colorado.  It  will  be  seen 
by  the  map  that  the  breadth  decreases  towards  the  north  and  the  south. 

In  comparing  these  great  chains  together,  we  are  at  first  struck  by 
the  general  and  close  parallelism  which  they  exhibit  throughout. 
£yea  the  inequalities  or  deflections  in  the  course  of  one  chain  find 
their  counterpart  in  the  others ;  as,  for  example,  the  east  and  west 
trend  in  the  Califomian  chain  at  the  Bernardino  Sierra  finds  a  paral- 
lelism in  the  defiection  of  the  Anahuachian  chain,  of  which  the  Wind 
Siyer  Mountains  are  a  part.  So,  also,  the  peculiar  south-western 
bend  of  the  southern  end  of  the  Sierra  Neyada,  has,  to  all  appearance, 
a  counterpart  in  the  defiection  of  the  southern  end  of  the  Wahsatch 
Monntains  along  the  Colorado  3i^or. 

These  great  deflections  from  the  general  course  of  the  chains,  and 
especially  the  great  and  sudden  bends  to  the  west,  are  peculiar  and 
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interesting  featares,  and  are  rendered  more  so  by  tbeir  paraUeliflBiy  and 
the  probability  that  they  result  from  the  same  cause. 

The  parallelism  of  the  coast  line  with  the  mountains  is  also  interest- 
ing from  its  dose  conform! ty,  showing  that,  in  general,  the  shores  are 
rocky,  the  coast  line  being  principally  formed  by  erosion  and  not  by 
deposition,  as  may  be  said  of  our  Atlantic  seaboard.  We  may,  also^ 
infer  the  exbtence  of  strong  coast  currents,  which  carry  away  the  loose 
debris  of  the  rocks  beaten  down  and  ground  together  by  the  waves. 

It  is  an  interesting  fact,  that  the  most  open  and  lowest  passes  in  the 
chains,  in  other  words,  the  greatest  and  most  decided  breaks  are  formed 
at  the  angles  or  points  where  the  greatest  deflections  or  bending  of  the 
chains  commence.  The  SouUi  Pass  between  the  Wind  Biyer  and  the 
Medicine  Bow  Mountains,  and  the  Pass  of  San  Grorgono  or  San 
Bernardino,  and  the  low  passes  of  the  Tejon  and  Caiiada  de  las  Uvas 
are  examples. 

One  of  the  most  important  characteristics  presented  by  the  moon- 
tains  is  the  number  of  ridges  or  ranges  which  unitedly  form  the  great 
chains.  This  is  best  seen  in  the  mountains  of  the  Great  Basin  and  in 
the  Califomian  chain,  although  it  is  strikingly  evident  in  the  Anahna- 
chian  chain.  These  ridges  are  not  ranged  side  by  side,  bat  a  general 
and  prevailing  overlapping  position  may  be  observed.  Thus  each  rangi 
in  succession  is  found  to  extend  beyond  the  other.  This  overlapping 
character,  or  distribution  en  eeheUmy  is  not  a  new  feature  in  the  oompo? 
sition  of  mountain  chains,  but  is  found  in  the  Appalachians,  and  is  one 
of  the  results  of  the  earth's  contraction,  which  according  to  the  theixy 
advanced  by  several  geologists,  and  ably  sustained  in  this  coontry  by 
Prof.  Dana,  is  the  cause  of  the  great  plications  of  the  cnist.  The 
overlapping  is  very  clearly  shown  in  the  Coast  Mountains  of  California, 
where  the  ranges  reach  the  coast  successively  from  the  south  n«Mlh- 
ward.  The  Bay  of  Monterey  is  included  between  the  end  of  the  pro- 
jection of  one  ridge  into  the  ocean  at  Point  Pinos,  and  the  side  <£ 
another  which  ends  much  farther  north.  The  same  character  is  seen 
in  the  mountains  along  the  Gila  River,  in  the  Great  Basin,  and  al 
many  other  places.  It  will  be  observed  that  this  character  is  not  con- 
fined to  the  minor  ridges  or  ranges,  it  extends  to  some  of  the  important 
ranges,  they  being  found  to  sustain  a  similar  relation  to  each  other. 

This  parallelism  and  overlapping  of  the  ridges  reveals  to  us  the  £ict, 
that  the  rocks  of  that  region  are  folded  and  cnrampled  together  as  ift 
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the  Appalachians,  and  that  similar  forces  have  been  exerted  on  them 
upon  a  much  more  grand  scale.  Instead  of  one  chain  we  have  sev- 
eral, each  rivalling  the  Alleghanies  in  extent  and  altitude.  The  phe- 
nomena of  plication  are  not  only  indicated  by  the  topography,  but  have 
been  observed  in  the  Sierra  Nevada  and  Coast  Mountains  of  the  Cali- 
fomian  chain.    They  are,  also,  found  in  the  chains  of  the  Great  Basin. 

We  cannot  contemplate  the  peculiar  relations  of  the  principal  chains, 
as  exhibited  on  the  map,  without  recognizing  the  result  of  the  action  of 
two  opposing  forces. 

If  we  conceive  the  principal  lines  of  flexure  to  be  meridional,  north 
and  south,  the  folding  may  be  referred  to  a  force  or  contraction  acting 
in  east  and  west  lines,  and  this  may  be  termed  the  equatorial  contrac- 
tion. The  trends  of  the  ranges  show,  also,  the  action  of  force  in  an- 
other direction ;  or  from  north  to  south,  a  polar  contraction,  to  which 
the  sudden  bends  in  the  long  chains  of  mountains  may  be  referred. 

These  bends  have  already  been  noticed,  but  may  again  be  enumerated. 
They  are  found  in  the  Sierra  Nevada,  east  of  the  Bay  of  San  Fran- 
cisco, in  its  sonthem  portion,  where  it  curves  gradually  round  to  the 
Bonth-west ;  and  in  the  Bernardino  Sierra  trending  at  nearly  right 
angles  to  the  Sierra  Nevada.  Parallel  deflections  are  found  in  the 
Anahuachian  chain  in  the  Wind  River  range,  and  again  they  are  seen 
in  the  Washatch  range  of  the  Great  Basin  chains.  Thus  all  the  long 
chuns  are  bent  as  if  by  compression  upon  the  ends,  and  the  action  of 
force  exerted  at  right  angles  to  the  force  which  has  produced  the  pre- 
vuling  meridional  folding  is  clearly  indicated.  It  is  most  probable 
that  this  force  has  acted  in  north  and  south  lines,  and  we  may  term  it 
the  Polar  force  or  contraction.  The  overlapping  of  the  ridges  and 
ranges  is  another  evidence  of  this  polar  contraction.  We  may,  also, 
refer  the  great  north-west  and  north-east  trends  to  the  interference  of 
thif  polar  force  or  resistance  with  the  equatorial  contraction,  the  diag- 
onal trends  being  the  resultants  of  the  two  forces.  This  train  of  thought 
leads  to  interesting  speculations  concerning  the  gradual  cooling  and  con- 
traction of  the  crust  of  the  earth,  but  it  is  not  my  intention  to  follow 
oat  the  subject  at  this  time. 

I  have  thus  endeavored  to  present  a  connected  view  of  the  principal 
mountain  chains,  and  some  of  the  conclusions  which  we  may  draw  from 
a  study  of  their  relations  now  that  we  have  the  principal  chains  placed 
with  approximate  correctness  on  our  maps.    We  may,  also,  conclude 
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that  there  is  not  a  region  where  the  great  dynamics  of  the  earth  are 
recorded  on  a  scale  of  greater  simplicity  and  grandeur  than  in  our  ovo 
land  between  the  Mississippi  and  the  Pacific 


11.  General  Description  of  the  Country  adjacent  to  tbi 
Boundary  between  the  United  States  and  Mexico. 
By  Col.  W.  H.  Emory. 

The  boundary  between  the  United  States  and  Mexico  extends 
entirely  across  the  continent  from  ocean  to  ocean.  That  portion  of  it 
which  is  formed  by  the  Rio  Bravo,  below  the  mouth  of  the  San  Pedro 
or  Devil's  River  of  Texas,  makes  a  boundary  which,  in  the  absence  of 
extradition  laws,  must  always  be  a  source  of  controversy  between  the 
United  States  and  Mexico. 

In  other  respects  the  boundary  is  a  good  one;' and  if  the  United 
States  is  determined  to  resist  what  appears  to  me  the  inevitable  expan- 
sive force  of  her  institutions  and  people,  and  set  limits  to  her  territoiy 
before  reaching  the  Isthmus  of  Darien,  no  line  traversing  the  conti- 
nent could  probably  be  found  which  is  better  suited  to  the  purpose. 

In  this  respect  it  is  fortunate  that  two  nations  which  differ  so  much 
in  laws,  religion,  customs,  and  physical  wants,  should  be  separated  bj 
lines  marking  great  features  in  physical  geography.  The  boundary  is 
embraced  in  the  zone  separating  the  tropical  from  the  temperate  and 
more  northern  regions.  Here  waters  unite,  some  of  which  are  fiir- 
nished  by  the  melting  of  northern  snows,  whilst  those  from  the  sooth 
are  supplied  from  mountains  watered  by  the  tropical  rains.  To  the 
north  of  this  zone  the  showers  of  the  tropics  cease  to  refresh  the  earth; 
and  within  it  all  the  flora  and  fauna  which  characterize  the  northern 
and  temperate  regions  almost  disappear,  and  are  not  entirely  supplanted 
by  those  of  the  tropics.  It  is,  indeed,  a  neutral  region,  having  peculiar 
characteristics,  so  different  as  to  stamp  upon  vegetable  and  animal  life 
features  of  its  own. 

The  most  remarkable  and  apparent  difference  between  this  regioa 
and  those  of  the  States  of  the  Union  generally,  and  that  which  perhifs 
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creates  as  mach  as  any  other  one  cause  the  difference  in  its  botanical  and 
zoological  productions,  is  the  hjgrometric  state  of  the  atmosphere.  For 
while  the  plants  and  animals  assume  new  forms  in  life,  the  crust  of  the 
earth,  the  soil,  and  the  rocks,  are  everywhere  familiar  and  have  many 
types,  indeed  fac-similes,  over  the  rest  of  the  American  continent.  It 
is  very  arid,  but  this  is,  also,  the  character  of  all  the  country  north  of 
the  tropics,  and  west  of  the  100^  meridian  of  longitude,  until  you  reach 
the  last  slope  to  the  Pacific,  a  narrow  belt  seldom  exceeding  two  hun- 
dred miles  in  width,  and  sometimes  not  more  than  ten.  The  zone 
extending  from  the  Gulf  of  Mexico  to  the  Pacific,  embracing  the  boun- 
dary, contains  a  large  proportion  of  arid  lands,  yet  this  dry  region  is, 
perhaps,  narrower  on  the  line  of  the  boundary  than  on  any  portion  of 
the  continent  north  of  it  within  the  limits  of  the  United  States,  and  is 
eocasionally  refreshed  by  showers  in  the  summer  season,  and  so  far 
presents  an  advantage  over  the  arid  belt  to  the  north. 

A  general  description  of  the  topographical  features  of  the  country 
along  the  boundary  between  the  United  States  and  Mexico  (traversing 
the  whole  breadth  of  the  continent)  cannot  be  made  comprehensive  with- 
out presenting  in  the  same  view  the  great  outline  of  the  continent  itself. 

It  is  well  known,  the  most  extensive  feature  in  the  continent  is  the 
plateau,  or  table-land,  which  traverses  this  country  from  the  unexplored 
region  of  the  north,  to  its  southernmost  extremity,  ranging  in  width 
from  fire  miles  to  one  thousand,  attaining  its  greatest  elevation  in  the 
Andes  of  South  America ;  its  least  elevation  and  breadth  on  the  Isth- 
mus of  Panama  and  in  Central  America,  and  its  greatest  breadth  about 
the  parallel  of  thirty-eight  degrees  north  latitude.  On  the  northern 
portion  of  the  continent  this  plateau  attains  its  greatest  height  in  Mex- 
ico, where  it  is  ten  thousand  feet  above  the  level  of  the  sea.  Its  lowest 
depression  is  along  the  line  of  boundary,  about  the  parallel  of  thirty- 
two  degrees  north  latitude,  where  it  is  about  four  thousand  feet  above 
the  sea.  Thence,  it  ascends  again  and  preserves  an  elevation  ranging 
from  seven  to  eight  thousand  feet,  to  near  the  forty-ninth  parallel, 
where  it  is  again  depressed.  This  plateau,  both  in  North  and  South 
America,  occupies  the  western  side  of  the  continent,  and  is  traversed 
by  ranges  of  mountains,  the  highest  peak  of  which  in  North  America 
18  Mount  Elias,  seventeen  thousand  feet  above  the  sea ;  and  in  South 
America  is  Mount  Aconoagua,  21,500  feet  above  the  sea.  The  cli- 
matic feature  in  this  plateau,  within  the  United  States,  is  excessive 
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dryness,  and  great  changes  in  temperature  between  day  and   night, 
oflen  as  much  as  sixty-five  degrees  of  Fahrenheit. 

The  principal  ranges  of  these  mountains  in  North  America,  naoiing 
them  in  the  order  of  their  proximity  to  the  coast  of  the  Pacific  Ocean, 
are  first,  the  Cordilleras  of  California  and  Oregon,  or  the  coast  range  of 
mountains  ;  second,  the  Sierra  Nevada  (which,  as  its  name  denotes,  is 
a  ridge  of  mountains  and  craggy  rocks  covered  with  snow)  ;  third,  the 
Sierra  Madre,  another  range  of  mountains  which  were  supposed  to 
separate  the  water  flowing  into  the  two  oceans ;  and  fourth,  the  Rocky 
Mountains. 

The  idea  conveyed  by  the  name,  Sierra  Madre,  is  very  generally 
adopted  by  the  Mexicans,  yet  I  doubt  very  much  if  any  continuous 
ridge  or  chain  of  mountains  can  be  found  which  separates  the  waters 
flowing  into  the  Pacific  from  those  flowing  into  the  Atlantic  I  am,  also* 
quite  well  satisfied  that  the  mountains  known  as  Sierra  Madre  in  New 
Mexico  are  not  the  same  range  as  those  known  by  that  name  in  €^- 
huabua  and  Sonora,  and  that  both  are  distinct  from  the  range  west  and 
south  of  Monterey,  of  the  same  name ;  but  the  coast  range,  the  Sierra 
Nevada  and  the  Rocky  Mountains,  preserve  a  very  considerable  conti- 
nuity throughout  the  limits  of  the  United  States.  The  coast  range  follows 
the  generally  north-west  direction  of  the  beach  of  the  Pacific  coast, 
and  for  a  very  considerable  distance  rises  abruptly  from  the  sea. 
Along  the  whole  coast  it  is  in  view  of  the  navigator,  presenting  an  im- 
posing and  ever-changing  panorama.  It  may  be  said  to  terminate  at 
Cape  San  Lucas,  the  southern  extremity  of  Lower  California. 

It  is  the  slope  towards  the  sea  of  this  range  of  mountains,  which 
forms  the  western  border  of  the  arid  region,  and  is,  in  my  opinion,  the 
only  continuous  agricultural  country  west  of  the  one  hundredth  merid- 
ian. There  are  many  detached  valleys  and  basins  afibrding  facilities  for 
irrigation  where  the  cereals,  the  vine  and  all  the  plants  which  conduce 
to  the  comfort  of  man,  are  produced  luxuriantly ;  but  they  form  the 
exception  rather  than  the  general  rule,  and  are  separated  by  arid  plaii» 
or  mountains. 

The  Sierra  Nevada,  the  Cascade  range,  and  the  Rocky  Mountain 
ranges,  preserve  a  general  parallelism  to  each  other,  and  to  that  of  the 
coast  range ;  and,  to  use  a  military  term,  are  mostly  developed  en 
ichelon.  Commencing  at  the  north  they  can  be  traced  continuously 
until  we  reach  to  within  a  few  degrees  of  latitude  of  the  r^oa 
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«f  the  bonndarj,  where  oocon  in  all  except  the  coasl  range  the 
remarkable  depression  in  the  continent,  or  rather  absence  in  the  con* 
tmuitj  of  the  ranges  of  mountains  hereafter  to  be  described. 

The  Sierra  Nevada,  in  latitude  thirtj-three  degrees  north,  branches ; 
one  great  division  uniting  with  the  coast  range  and  forming  the  elevated 
promontory  of  Lower  California,  and  presenting,  when  figured  on  the 
map,  the  appearance  of  the  letter  T  (Tulare  valley  resting  in  the  fork 
of  the  letter)  ;  other  branches  or  spurs  are  thrown  off  in  a  south-east 
direction,  crossing  the  Gila  at  the  mouth  and  many  miles  above,  and 
traversing  the  newly  acquired  territory  in  the  meridian  of  Santa  Cruz 
aad  Tucson.     That  range,  together  with  the  Sierra  Madre  and  the 
Bocky  Mountains,  about  the  parallel  of  thirty-two  degrees,  lose  their 
•OBtinnous  character,  and  assume  what  are  graphically  described  in 
the  western  country  as  lost  mountains,  that  is  to  say,  mountains  which 
have  no  i^^parent  connection  with  each  other.    They  preserve,  how- 
ever, their  general  direction,  north-west  and  south-east,  showing  that 
the  upheaving  power  which  produced  them  was  the  same,  but  in  dimin- 
ished and  irregular  force.    They  rise  abruptly  from  the  plateau  and 
disappear  as  suddenly,  and  by  winding  around  the  bases  of  these  moun- 
tains it  is  possible  to  pass  through  the  mountain  system  in  this  region, 
near  the  parallel  of  thirty-two  degrees,  almost  on  the  level  of  the  pla- 
teau.   So  that  if  the  sea  were  to  rise  four  thousand  feet  above  its  pres- 
ent level,  the  navigator  could  cross  the  continent  near  the  thirty-second 
parallel  of  latitude.     He  would  be  in  soundings  of  uniform  depth  from 
the  Gulf  of  California  to  the  Pecos  River.     He  would  see  to  the  north 
and  to  the  south  prominent  peaks  and  sierras,  and  at  times  his  passage 
would  be  narrow  and  intricate.    At  £1  Paso  he  would  be  within  gun- 
shot of  both  shores. 

Passing  to  the  south  of  this  parallel,  in  about  that  of  thirty-one 
degrees,  we  find  the  plateau  rising  rapidly  to  the  table-lands  of  Mexico ; 
the  ranges  above  described  are  no  longer  traceable,  and  the  plateau 
gives  evidence  of  having  been  disturbed  by  tremendous  plu  tonic  forces, 
and  the  mountains  assume  a  loftier  and  more  rugged  and  diversified 
appearance.  As  I  have  said  before,  the  Sierra  Madre  range  of  moun- 
tains cannot  be  traced  distinctly  with  our  present  information.  The 
Rocky  Mountains  near  the  head-waters  of  the  Rio  Bravo  throw  off 
spurs  which  add  to  the  confusion,  and  makes  it  difficult  to  separate  this 
range  from  that  called  in  New  Mexico  the  Sierra  Madre. 

(12«) 
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It  may  be  a  question  whether  the  Rocky  Mountain  range  is  not  di- 
vided by  the  Rio  Bravo ;  and  if  so,  that  which  I  have  designated  as 
the  Sierra  Madre  of  New  Mexico,  will  in  that  case  become  a  spur  of 
the  Rocky  Mountains.  The  geological  formaUons  to  which  I  shall 
presently  refer,  seem  to  favor  this  hypothesis.  If  that  hypothesis  be 
true,  the  Sierra  Madre  of  New  Mexico  and  the  Rocky  Mountain 
system  are  the  same,  and  are  only  divided  by  the  Rio  Bravo.  But 
this  is  a  question  which  does  not  affect  the  general  topographical 
description  of  the  country,  and  may  be  disregarded  here.  What  I 
have  described,  refers  more  particularly  to  the  country  west  of  the 
Rio  Bravo  del  Norte. 

The  Rocky  Mountain  system  commencing  in  the  north,  beyond  the 
source  of  this  river,  and  beyond  the  limits  of  the  49th  degree  of  north 
latitude,  is  the  distinguishing  feature  of  the  country  east  of  that  river, 
until  we  reach  the  great  plains  lying  between  the  base  of  those  moun- 
tains and  the  valley  of  the  Mississippi.  The  axis  of  maximum  eleva- 
tion preserves  a  general  parallelism  to  the  Sierra  Nevada  range.  Its 
principal  chain,  afler  passing  the  36th  parallel  of  latitude,  becomes  leas 
elevated,  and  finally  terminates  in  the  Organ  Mountains,  near  El  Paso, 
reappearing  again  to  the  south  and  east,  and  becoming  at  last  merged 
with  the  great  mountain  masses  in  Mexico. 

Another  branch  of  these  mountains  diverges  about  the  head  of  the 
Pecos,  and  running  south,  with  unequal  elevation,  crosses  the  Bio 
Bravo,  between  the  102d  and  106th  meridian  of  longitude,  forming 
the  great  bend  in  that  river,  and  producing  one  of  the  most  remarkable 
features  on  the  face  of  the  globe,  —  that  of  a  river  traversing  at  an  ob- 
lique angle  a  chain  of  lofty  mountains,  and  making  through  these,  oa 
a  gigantic  scale,  what  is  called  in  Spanish  America,  a  cafion ;  that  is,  a 
river  hemmed  in  by  vertical  walls.  These  mountains,  to  the  south  of 
the  river,  expand  in  width  and*  height,  attaining  a  great  elevation  in 
the  neighborhood  of  Monterey,  Saltillo,  and  Buena  Vista,  and  from 
one  side  of  the  Bolson  de  Mapimi ;  and  it  is  my  impression  that  these 
mountains  are  identical  with  what  is  there  called,  in  Neuvo  Leon,  the 
Sierra  Madre. 

A  third,  but  subordinate  range,  branches  from  the  main  chain,  about 
the  same  parallel  as  that  last  described,  and  terminates  in  the  Uano 
Estacado,  or  the  Stake  Plains,  from  which  issues  the  Red  River,  and 
other  rivers  of  Texas.     From  the  foot  of  the  Llano  Estacado,  the 
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couotiy  falls  sometimes  bj  steps,  but  most  geoerallj  bj  gentle  slopes, 
to  the  shores  of  the  Gulf  of  Mexico ;  the  crust  onlj  broken  in  a  few 
places  bj  the  washing  of  streams,  and  bj  the  protrusion  of  igneous 
rocks.  This  igneous  protrusion,  composed  of  greenstone  or  basalt,  is 
traced  from  the  San  Saba  Mountain,  bj  the  head  of  the  Leona,  to 
Santa  Rosa  in  Mexico,  where  it  unites  with  the  main  ridge  at  an 
angle  of  about  forty-five  degrees.  The  point  where  they  unite  is  rich 
in  silver  mines.  At  Santa  Rosa,  the  Spaniards  had  sunk  extensive 
shafts,  and  made  a  tunnel  a  mile  and  a  half  in  length,  which  was  not 
then  complete,  when  the  revolution  of  1825  broke  out,  and  since  then, 
all  extensive  operations  have  been  suspended,  and  the  country,  rich  in 
minerals  and  in  the  production  of  the  cereals,  and  of  the  tropical 
plants,  has  been  a  prey  to  the  incursions  of  banditti  and  Indians. 

It  has  been  observed  that  these  metaliferous  rocks  generally  occur 
at  such  places  where  two  systems  unite,  or  where  some  unusual  dis- 
turbance or  change  in  the  geological  structure  takes  place.  Hence, 
we  may  expect  to  find  these  silver-bearing  rocks  along  the  boundary 
line,  where  the  upheaving  force  after  passing  under  the  bed  of  the 
Gila  River  begins  again  to  reappear  to  the  south. 

The  remaining  mountain  feature  of  North  America,  the  Alleghany, 
is  referred  to  here  only  to  illustrate  by  comparison,  the  mountain  sys- 
tem of  the  western  part  of  the  continent.  That  chain,  grand  as  it  is, 
sinks  into  insignificance,  when  compared  to  those  which  I  have  attempt- 
ed to  describe.  It  is  nearly  at  right  angles  to  the  western  chain  of 
mountains,  is  less  elevated,  and  sheds  its  waters,  as  is  well  known,  clear 
on  both  sides ;  on  the  one  side  into  the  Atlantic,  and  on  the  other  into 
the  Mississippi  and  the  Gulf  of  Mexico.  On  both  sides,  the  slopes  are 
comparatively  gentle,  and  the  soil  fertile,  and,  refreshed  by  frequent 
showers,  yields  in  abundance  all  that  contributes  to  the  wants  of 
man ;  and  on  the  western  side  of  this  slope,  between  it  and  the  desert 
border  of  the  Rocky  Mountains,  such  an  expanse  of  fertile  country 
exists,  as  can  be  found  in  one  body  nowhere  else  on  the  face  of  the 
globe,  producii^  all  the  fruits  of  the  earth,  including  those  found  in 
every  zone,  from  the  boreal  regions  to  the  tropics.  Persons  who  are 
^miliar  with  its  character,  as  most  who  read  this  memoir  will  be,  will 
scarcely  be  able  to  comprehend,  still  less  to  believe  the  character 
given  to  the  more  western  and  less  favored  regions  described  in  this 
report.     In  the  fanciful  and  exaggerated  description  given  by  many, 
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of  the  character  of  tke  wettem  half  of  the  continent,  6ome  have  been, 
no  doubt,  influenced  bj  a  desire  to  favor  particular  routes  of  traTri  for 
the  emigrants  to  follow  ;  others,  by  a  desire  to  commend  themselves  to 
the  political  favor  of  those  interested  in  the  settlement  and  sale  of  the 
lands;  but  much  the  greater  portion,  bj  estimating  the  soil  akme, 
which  is  generally  good,  without  giving  due  weight  to  the  infreqaenej 
of  rains,  or  the  absence  of  the  necessary  humidity  in  the  atmosphere 
to  produce  a  profitable  vegetation  ;  but  be  the  motive  what  it  may,  the 
influence  has  been  equally  unfortunate,  by  directing  legisladon,  and 
the  military  occupation  of  the  country,  as  if  it  were  susceptible  of  con- 
tinuous settlement  from  the  peaks  of  the  Alleghanies  to  the  ^ores  of 
the  Pacific 

Between  the  two  most  distinctly  marked  ranges  of  mountains  beftre 
described,  the  Rocky  Mountains  and  the  Sierra  Nevada,  a  succession  of 
minor  ranges  occur,  some  of  which  are  many  hundred  miles  in  extent, 
while  others  appear  like  isolated  mountains  rising  above  the  goiend 
level  of  the  plateau.  Most  of  them  preserve  a  general  system  of 
parallelism ;  others  present  their  lines  of  maximum  elevation,  forming 
very  considerable  angles  with  the  general  direction ;  and  all,  when 
traced  upon  a  map,  exhibit  lines  varying  from  right  lines  to  every 
degree  of  curvature.  The  whole  system,  plateau  and  mountain,  seems 
to  have  been  produced  by  a  succession  of  forces  analogous  to  each 
other  in  direction,  but  differing  in  intensity  and  occurring  at  long  inter- 
vals. The  prevalence  of  granite  and  other  unstratified  rocks  through- 
out the  Sierra  Nevada,  suggest  the  probability  of  its  being  the  oldest 
range  of  mountains.  The  identity  of  its  rocks  generally  with  those  of 
the  Alleghany  Mountains,  mark  these  two  distinct  and  detached  chains 
as  probably  contemporaneous.  The  rocks  marking  these  mountains 
are  the  description  commonly  traversed  by  gold  and  copper  mines^  as 
is  the  case  in  Oregon,  California,  Virginia,  and  North  Carolina. 

Travelling  eastward  from  the  Pacific  along  the  bed  of  the  Gila,  we 
encountered  similar  rocks  in  a  chain  of  mountains  as  far  east  as  the 
Pimo  Village.  This  chain,  characterized  also  by  the  presence  of 
gneiss,  mica,  and  talcose  slate,  has  been  traced  as  far  south  as  the 
present  boundary,  where  it  crosses  the  Santa  Cruz  I^ver,  between 
longitude  110^  and  111^;  and  in  that  neighborhood  we  saw  every- 
where the  remains  of  gold  mines,  from  which  the  operators  had  been 
driven  by  the  Apaches. 
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Panaiog  oar  coarse  eastward,  along  the  boundary,  from  the  merid- 
ian of  111^,  we  cross  the  San  Pedro,  the  Guadalupe,  and  the  San 
Luis  range  of  mountains,  in  the  order  in  which  they  are  named,  the 
middle  range  being  chiefly  characterized  by  sienitic  aggregates,  gra- 
nite lava,  and  immense  masses  of  conglomerate  or  breccia.  Precisely 
the  same  formation  is  found  in  the  cafion  of  the  Gila,  some  distance 
to  the  north,  about  the  meridian  of  what  is  called  in  my  reconnoissance 
of  1846,  Disappointment  Creek.  And  no  doubt,  when  future  surveys 
shall  develop  a  more  minute  knowledge  of  the  physical  geography  of 
the  country,  each  of  these  ranges  of  mountains  will  find  their  equiva- 
lent to  the  north  and  to  the  south.  With  the  present  information,  I 
shall  not  even  attempt  to  connect  them  conjecturally. 

Hypothetical  geography  has  proceeded  far  enough  in  the  United 
States.  In  no  country  has  it  been  carried  to  so  great  an  extent,  or 
been  attended  with  more  disastrous  consequences.  This  pernicious 
system  was  coomienced  under  the  eminent  auspices  of  Baron  Hum* 
boldt,  who,  fi:x>m  a  few  excursions  into  Mexico  attempted  to  figure  the 
whole  American  continent. 

On  the  same  kind  of  unsubstantial  information,  maps  of  the  whole 
continent  have  been  produced,  and  engraved  in  the  highest  style  of  art, 
and  sent  forth  to  receive  the  patronage  of  Congress,  and  the  applause 
of  geographical  societies,  at  home  and  abroad ;  while  the  substantial 
contributors  to  accurate  geography  have  been  overlooked  and  for- 
gotten. 

The  San  Luis  range  of  mountains  rises  abruptly  from  the  plains  about 
three  leagues  north  of  the  parallel  31^  20',  and  as  they  run  south  assume 
by  far  the  most  foi:midable  appearance  of  any  range  on  that  parallel 
west  of  the  Rio  Grande.  They  are  called  in  Sonora  and  part  of 
Chihuahua,  the  Sierra  Madre  Mountains^  yet  they  do  not  fulfil  entirely 
the  conditions  implied  by  that  term,  for  I  am  informed  that  the  waters 
flowing  from  their  base  towards  the  Pacific  coast  often  take  their  rise 
to  the  east  of  these  mountains,  and  flowing  through  chasms  impassable 
for  men,  falling  down  the  western  slope  in  rapid  descent  producing 
sublime  and  picturesque  cascades. 

It  is  not  in  my  power  to  explore  this  range  to  the  south,  but  I  was 
informed  by  persons  worthy  of  confidence,  that  throughout  its  whole 
extent,  as  far  south  as  the  parallel  of  Mazatlan,  it  was  impassable  for 
wagons,  and  there  was  no  probability  of  ever  finding,  south  of  31^  20'  a 
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line  for  a  railway.  The  report  of  its  impracticability  for  wagons  was 
confirmed  by  the  fact  that  the  camino  real  (highway)  established  bj 
the  Spaniards  to  connect  Chihuahoa  and  Guymas,  makes  a  great  cii^ 
cuit,  and  passes  to  the  north  of  31^  20',  and  within  what  is  now  the 
territory  of  the  United  States. 

This  stupendous  range  of  mountains,  which  drops  so  abruptly  a  few 
miles  north  of  the  boundary,  as  if  to  make  room  for  the  highway  which 
is  to  connect  the  Pacific  and  Atlantic  States,  no  doubt  reappears  to 
the  north  in  the  neighborhood  of  the  Grila,  but  our  information  is  not 
yet  sufficient  to  establish  the  connection.  I  am  quite  satisfied  of  out 
thing,  however,  its  equivalent  is  not  to  be  found  in  what  is  called  the 
Sierra  Madre  in  New  Mexico.  Pursuing  our  course  still  eastward, 
we  pass  over  wide  plains  bounded  by  detached  ranges  of  the  moan- 
tains,  of  metamorphic  and  other  limetones,  associated  with  igneous 
rocks,  rich  in  silver  and  lead,  and  at  El  Paso  we  encounter  the  western 
fiank  of  the  third  great  mountain  chain,  the  Rocky  Mountains,  known 
in  that  particular  locality  as  the  Organ  Mountains,  and  at  intervals  of 
about  eighty  miles,  we  cross  two  other  ranges,  the  Eagle  Spring  and 
the  Limpia  range  of  mountains.  -  These  three  chains  of  mountains  ap- 
pear to  be  spurs  of  the  Rocky  Mountains,  and  are  characterized  by 
the  presence  of  carboniferous  limestone,  greatly  disturbed  by  igneous 
protrusions  of  what  Professor  Hall  characterizes  as  of  ^  comparatively 
modem  origin."  And  throughout  this  whole  region,  the  carbonifeioce 
and  metamorphic  limestone  is  not  unfrequently  traversed  by  rich 
seams  of  argentiferous  lead  ore.  Between  the  San  Luis  range  and 
the  Organ  Mountains,  the  first  of  the  Rocky  Mountain  range,  the  me(- 
amorphism  of  the  rocks  is  so  complete  and  the  irruptive  lines  so  fre- 
quent, and  their  protrusion  above  the  crust  of  the  earth  so  detached,  it 
is  impossible  to  say,  with  our  present  information,  where  the  one  begins 
or  the  other  ends,  or  whether  they  do  not  all  belong  to  the  same  sys- 
tem. It  is  between  these  two  ranges,  upon  the  banks  of  the  Janos 
River,  that  we  discover  the  first  evidences  of  that  vast  cretacious  forma- 
tion which  has  been  traced  from  the  108th  to  the  101st  meridian  of 
longitude,  and  as  far  north  as  the  great  Salt  Lake,  and  south  to  the 
25th  parallel  of  latitude.  The  western  limit  of  this  formation,  dis- 
covered by  the  boundary  survey,  is  the  basin  of  the  Janos  River  ia 
Chihuahua;  and  its  eastermost  limit,  San  Antonio  in  Texas.  How 
£bu:  it  extends  north  and  south  has  never  been  ascertained,  but  it  htf 
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been  traced  in  one  direction  aa  far  as  the  big  Salt  Lake  of  Utah  Ter- 
ritorj.  Granite,  and  its  associated  gold-bearing  rocks  occur  sporadi- 
callj  throughout  the  Rocky  Mountain  chain  and  its  spurs,  but  the  dis- 
tinguishing feature,  in  an  economical  point  of  yiew,  is  the  prevalence 
of  carboniferous  limestone  with  which  is  found  associated  argentiferous 
galena.  Silver  mines  of  richness  have  been  discovered,  and  some  of 
them  worked  to  a  limited  extent  in  the  mountains  about  Tucson,  at 
Barrancos,  Presidio  del  Norte,  Wild  Rose  Pass,  in  the  Organ  Mountains, 
and  other  localities.  Gold  mines  have  been  worked  at  the  Calabasas 
on  the  Santa  Cruz  River,  and  in  the  mountains  of  New  Mexico  on  both 
sides  of  the  Rid  Bravo.  It  will  not  be  extravagant  to  predict  the 
discovery  of  many  localities  where  silver  mines  can  be  worked  to 
advantage  throughout  the  whole  region  where  carboniferous  limestone 
exists,  extending  on  the  line  of  boundary  from  the  great  bend  of  the 
Rio  Bravo,  in  Texas,  to  the  meridian  of  the  San  Luis  range.  Should 
this  conjecture  prove  true,  we  shall  have  there  in  abundance  the  only 
commodity  in  which  we  are  now  deficient,  and  for  which  we  are  at 
all  dependant  upon  any  other  country.  Another  argentiferous  region 
of  exceeding  richness,  and  I  think  one  wholly  disconnected  from  the 
other,  is  in  the  basin  west  of  the  Santa  Cruz  River,  between  that 
river  and  the  Gulf  of  California.  Veins  of  metal  were  discovered 
interjected  through  a  coarse  sandstone. 

I  have  stated  that  the  eastern  portion  of  the  continent,  with  which  we 
are  familiar,  is  entirely  different  in  its  physical  geography  from  the 
western,  and  among  the  distinguishing  features  of  the  first  was  the 
Alleghany  chain  of  mountains,  which  sheds  its  waters  clear  from  the 
summit  to  the  ocean.  That  is  to  say,  water  once  above  the  surface 
at  any  point  continues  to  flow  in  that  position  until  it  reaches  tide 
water.  Between  the  two  great  chains  which  I  have  attempted  to  de- 
scribe, occupying  the  western  portion  of  the  continent,  there  are  other 
chains  of  mountains  so  numerous  that  it  is  impossible  to  describe  them 
by  word ;  some  are  continuous,  some  are  detached  ridges,  others  isola- 
ted peaks,  rising  from  the  plateau  almost  with  the  uniformity  and  sym- 
metrical proportions  of  artificial  structures.  Between  them  are  found 
basins  which  have  no  outlets  to  the  ocean,  but  are  the  receptacles  of 
the  drainings  of  the  surrounding  water-sheds.  Of  these  the  most  exten- 
sive is  the  Great  Salt  Lake,  in  Utah  Territory ;  and  the  most  remark- 
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able  for  its  historical  associations  and  present  importance,  is  the  rallej 
of  the  City  of  Mexico. 

This  succession  of  basins  forms  a  prominent  feature  in  the  Geog- 
raphy of  North  America,  extending  two  thirds  the  length  of  it  and 
quite  one  third  the  breadth  of  it  They  belong  to  what  has  been  appro- 
priately designated  as  the  basin  system  of  North  America.  Those  fbond 
near  the  boundary  are  Santa  Maria,  Guzman,  and  Jaqui,  all  to  the 
south  of  the  boundary  and  within  the  limits  of  Mexico.  The  first  is 
fed  by  the  waters  of  the  River  Santa  Maria,  which  runs  in  a  northern 
direction,  and  Guzman,  by  the  river  bearing  the  several  names,  Casas 
Grandes,  San  Miguel,  and  Janos,  the  general  course  of  which  is  ako 
from  the  south  to  the  north,  and  the  waters  of  Lake  Guzman  and  Lake 
Santa  Maria  are  said  to  unite  in  seasons  of  unusual  freshets.  The 
waters  of  the  Rio  Mimbres,  near  the  same  meridian  as  Lake  Guzman, 
which  take  their  rise  near  the  Santa  Rita  del  Cobre,  run  towards  that 
lake,  but  they  disappear  in  the  plain  to  the  north  of  the  boundary  be- 
fore reaching  it 

The  waters  of  these  Lakes  or  inland  seas  are  brackish  at  all  times, 
but  in  seasons  of  drought,  which  last  two  thirds  of  the  year,  they  be- 
come excessively  salt  and  wholly  unpalatable.  Their  shores  are  cov- 
ered with  lacustrine  deposits,  and  are  usually  unsuited  to  cultivatioo. 
The  waters  of  these  vast  basins  are  not  all  locked  up  however  by  the 
mountains.  Three  great  rivers,  with  their  tributaries,  have  made 
their  way  in  different  directions  to  the  ocean,  cutting  in  their  passage 
gigantic  chasms  in  the  mountains;  these  livers  are  the  Columbia,  the 
Colorado  of  the  west,  and  the  Rio  Bravo.  Another  river,  the  Gila, 
drains  this  plateau,  cutting  the  mountains  nearly  at  right  angles,  whidi 
although  a  tributary  of  the  Colorado,  joins  it  near  its  mouth,  and  at  an 
elevation  so  little  above  the  sea  that  it  may  in  a  general  description, 
be  considered  a  separate  and  independent  drainage. 

Another  feature  of  this  basin  system  remains  to  be  described,  which 
is  also  common  to  all  the  rest  of  the  mountain  regions  occupying  the 
plateau  and  the  region  lying  east  of  the  Rocky  Mountains. 

Between  the  ridges  of  mountains  the  traveller  occasionally  encoun- 
ters vast  plains,  which,  when  the  sun  is  above  the  horizon,  producing 
the  phenomena  of  mirage,  presents  to  him  all  the  appearance  of  the 
^ea.     The  plain  bounds  the  view  and  the  line  of  the  horizon  is  broken 
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into  waves,  resembling  in  appearance  the  edge  of  the  Gulf  Stream 
when  seen  from  the  deck  of  a  vessel  ten  or  fifteen  miles  distant.    The 
plains  are  clothed  with  vegetation  of  a  scrubby  growth,  incapable  of 
aflbrding  subsistence  to  any  but  a  chiss  of  small  animals,  such  as  ante- 
lopes, prairie  dogs,  and  rabbits ;  most  generally,  however,  in  the  south- 
em  part  of  the  United  States  these  plains  are  clothed  with  a  luxuriant 
growth  of  Grama,  the  most  nutritious  of  all  the  grasses.     Sometimes 
they  are  destitute  of  all  vegetation,  except  the  Larrea  Mexicana,.the 
Tocca,  the  Cactus,  and  other  spinose  plants,  and  are  paved  with  minute 
fragments  of  basalt,  agate,  and  other  hard  rocks.     Occasionally  in 
these  plains  we  encounter  sand  dunes,  called  by  the  Spaniards  Meda^ 
not,  extending  over  a  large  area  of  country,  and  encircling  what  might 
at  first  sight  be  supposed  the  shores  of  dried-up  lakes.     But  an  ex- 
amination of  the  sand  with  a  microscope  of  sufficient  power  dispels 
this  idea.     The  grains  seem  to  be  angular,  and  are  not  rounded  by  the 
attrition  of  water.     An  extensive  formation  of  this  kind  occurs  be- 
tween the  Rio  Colorado  of  the  west  and  the  base  of  the  Sierra  Madre, 
and  extends  many  miles  along  the  western  coast  of  the  Gulf  of  Califor- 
nia.   Another  very  extensive  waste  of  sand  lies  to  the  south  of  the 
Arkansas  River ;  a  third  is  traversed  by  the  Platte  River,  and  a  fourth 
which  has  come  under  my  notice,  less  in  extent,  lies  to  the  south  of  the 
Bio  Bravo  in  the  State  of  Chihuahua  on  the  road  from  £1  Paso  to  the 
city  of  Chihuahua. 

The  plains  or  basins  which  I  have  described  as  occurring  in  the 
mountain  system,  are  not  the  great  plains  of  North  America,  which 
are  referred  to  so  often  in  the  newspaper  literature  of  the  day,  in  the 
expression  **  News  from  the  Plains,"  **  Indian  depredations  on  the 
Plains,"  etc  The  Plains  proper  is  the  extensive  inclined  surface, 
reaching  from  the  base  of  the  Rocky  Mountains  to  the  shore  of  the 
Gulf  of  Mexico,  and  the  valley  of  the  Mississippi,  and  they  form  a 
feature  in  the  geography  of  the  western  country  as  notable  as  any 
other  west  of  the  100th  meridian  of  longitude.  Except  on  the  borders 
of  the  streams  which  traverse  these  plains  in  their  course  to  the  valley  of 
the  Mississippi,  scarcely  any  thing  exists  deserving  the  name  of  vegeta- 
tion. The  soil  is  composed  of  disintegrated  rocks  covered  by  a  loam  an 
inch  or  two  in  thickness,  which  is  composed  of  the  exuviae  of  aninmls  and 
decayed  vegetable  matter.  The  growth  on  them  is  principally  a  short  but 
nutritioofl  grass  called  buffalo  grass  {Seiteria  Daelyloides).    A  narrow 

(13) 
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Strip  of  anavial  Boil  supporting  a  coarse  grass  and  a  few  cotton-wood  trees, 
marks  the  line  of  the  watercourses,  which  of  themselves  are  sofficienllj 
few  and  far  between.  Whatever  may  be  said  to  the  contrary,  these 
plains  west  of  the  100th  meridian  are  wholly  unsusceptible  of  sustaia- 
ing  even  a  pastoral  population,  until  you  reach  suffijciently  £ur  sooth  to 
encounter  the  rain  from  the  tropics.  The  precise  limit  of  these  noBM 
I  am  not  prepared  to  give ;  but  think  the  Red  River  is  perhaps  as  &r 
north  as  they  extend.  South  of  that  river  the  plains  are  covered  with 
grass  of  larger  and  more  vigorous  growth.  That  which  is  moat,  widely 
spread  over  the  fistce  of  the  country  is  the  grama  or  mezqoite  grass,  of 
which  there  are  many  varieties.  This  is  incomparably  the  most  n«tci> 
tious  grass  known.  South  of  the  Red  River  also,  the  plains  are  not 
unfrequently  covered  with  a  growth  of  mezquite  trees,  (JlgfartMOf) 
of  which  there  are  many  varieties.  This  tree  varies  in  size,  accordiag 
to  the  character  of  the  soil  and  quantity  of  rain.  It  is  usually  from 
fifteen  to  thii^  feet  in  height,  crooked,  gnarled,  and  armed  witk 
thorns.  The  wood  is  hard  and  full  of  knots,  and  is  unfit  for  pnipoaes 
of  carpentry ;  but  in  other  respects  it  fulfils  many  of  the  eoHKHiiieal 
uses  of  life.  It  is  excellent  firewood,  and  makes  good  poets,  being 
very  durable*  It  exudes  a  gum  which  is  equal  to  gum  arable,  bot  to 
the  trayeller  its  most  important  quality  is  the  fruit  which  it  bears,  a 
nutritious  bean  much  relished  by  animals,  and  not  wholly  unsvited  to 
the  tastes  of  man. 

The  TCgetation  of  the  mountain  and  basin  region,  while  it  difiers 
materially  in  the  genus  and  species  of  plants  according  to  the  looaliQr, 
possesses,  nevertheless,  a  general  similarity  which  is  striking  and  peoot- 
iar.  I  have  described  that  of  the  plateau  or  levels,  as  consisting  of  a 
diminutive  growth  of  shrubs,  but  as  we  ascend  from  tiiese  to  the 
height  of  the  surrounding  mountains,  we  pass  through  a  succession  of 
^ral  products  ranging  in  character  according  to  the  elevation  io 
which  we  ascend,  until  we  reach  an  Alpine  fiora.  North  of  the 
parallel  of  32^,  this  appears  at  the  height  of  about  6,000  feet  above 
the  sea.  In  situations  protected  from  the  winds,  we  usually  find  at 
those  heights  pines  and  cedars,  and  at  a  less  elevation,  different  varie- 
ties of  oak.  Wherever  this  region  is  traversed  by  wateroooraet, 
cotton-wood,  and  occasionally  sycamore,  grow  on  the  edges  of  the 
streams.  There  are  throughout  this  region,  on  the  sides  of  the  oioaii- 
tains,  growths  of  pine,  oak,  and  cedar,  which  are  quite  extended,  and 
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present  a  frost-like  appearance,  bat  nowhere  until  we  begin  to  descend 
the  Pacific  slope,  and  get  within  the  influence  of  the  homiditj  fit>m  th^ 
ocean^  do  we  encounter  timber  at  all  approximating  in  size  or  luxuri- 
aace  of  growth,  the  fore«t  with  which  we  are  familiar  in  the  basin  of 
tbe  Mississippi  and  the  eastern  slope  of  the .  Alleghanies.  The  Pacific 
slope,  «^  including  the  waters  of  the  Sacramento  and  its  tributaries,  the 
Columbia  and  its  tributaries  below  the  Cascade  range  and  Puget 
Sound  and  its  tributaries,  —  it  is  not  mj  intention  to  describe  in  this 
general  sketdi,  further  than  to  saj,  that  refreshed  bj  frequent  showers 
and  logs  from  the  ocean,  it  presents  a  different  and  more  inviting  pic- 
tore  than  the  country  to  the  east  of  it 

It  is  on  this  slope  that  we  find  that  stupencbus  growth  of  red-wood, 
the  accounts  of  which  appear  almost  fabulous.  We  find  here,  too,  in  all 
that  region  north  of  Monterey,  considerable  adaptation  both  in  soil  and 
eUmate,  to  the  production  of  the  cereal  plants.  About  Santa  Barbara, 
in  pcurallel  84°  north  latitude,  the  mountains  run  to  the  sea ;  thence  the 
coast  deflects  sharply  to  the  east,  and  below  or  south  of  this  point,  the 
irade-wiods^  whidi  sweep  along  the  Pacific  coast  charged  with  humid- 
ity for  nine  months  in  the  year,  from  as  far  north  as  the  Aleutian 
Islands,  seem  to  diminish  in  force,  and  finally  die  away  at  the  lowest 
extremity  of  California.  The  mountain  range  at  Santa  Barbara  cuts 
oflf  these  humid  winds  from  the  land  to  the  south  of  them ;  and  it  is  my 
opinion  that  on  the  Pacific  slope,  beyond  this  point,  and  until  we  reach 
the  region  of  the  tropical  rains,  no  crops  can  be  raised  with  any  thing 
like  certainty  without  irrigation.  Below  them  the  agricultural  charac- 
ter of  the  country  is  much  the  same  as  that  of  the  mountain  and  basin 
system,  and  this  character  is  retained  along  the  coast  until  we  reach 
the  parallel  of  Mazatlan,  where  the  tropical  rains  begin  to  be  felt  in 
great  force.  For  the  four  months  (July,  August,  September,  and  Oc- 
tober) during  which  I  kept  a  meteorological  record  at  Camp  Riley,  no 
rain  fell  in  sufficient  quantity  to  be  measured.  The  mean  height  of 
the  barometer  for  that  period  was  29.853 ;  the  thermometer  68.37, 
and  the  mean  dew  point  58^.13. 

There  are  considerable  portions  of  the  extensive  mountain  system 
which  I  have  attempted  to  describe,  where  wheat  and  rye  can  be  raised 
without  irrigation ;  but  these  portions  are  exceptions  to  the  general 
nde ;  and  I  think  I  am  safe  in  stating  that,  as  a  general  rule,  through- 
out this  vast  region,  corn,  cotton,  and  vegetables  cannot  be  produced 
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without  iiTigation ;  and  furthermore,  the  limits  of  the  ground  wbidi 
can  be  brought  under  the  effecto  of  irrigation  are  very  circumscribed. 

The  town  of  El  Paso,  in  lat  31^  44'  15".7,  and  long.  106^  29'  05".4, 
is  considered,  and  justly  so,  one  of  the  garden  spots  of  the  interior  of 
the  continent  A  meteorological  record  was  kept  at  Frontera,  a  few 
miles  north  of  this  point  for  two  years,  by  Assistant  Chandler,  the  re- 
sults of  which  are  embodied  in  the  accompanying  diagram.  The 
whole  quantity  of  rain  for  one  year  was  only  6.4  inches.  From  this 
it  will  be  seen  how  very  dry  the  climate  is,  and  how  unsuited  £br  agri- 
cultural purposes,  according  to  the  notions  entertained  of  &rming  in 
the  Eastern  States.  The  settlements  about  £1  Paso  are  irrigated 
by  the  Rio  Bravo,  and  are  happily  not  dependent  upon  rains  for  their 
fertility. 

Whatever  population  may  now  or  hereafter  occupy  the  mountam 
system  and  the  plains  to  the  east,  must  be  dependent  on  mining,  or 
grazing,  or  the  cultivation  of  the  grape.  The  country  must  be  settled 
by  a  mining  and  pastoral,  or  wine-making  population  ;  and  the  whole 
legislation  of  Congress,  directed  heretofore  so  successfully  towards  the 
settlement  of  lands  in  States  east  of  the  100th  meridian  of  longitude, 
must  be  remodelled  and  reorganized  to  suit  the  new  phase  which  lift 
must  assume  under  conditions  so  different  from  those  to  which  we  are 
accustomed. 


n.  PALEONTOLOGY. 

1.  On  the  Geological  Position  op  the  Deposits  in  which 
OCCUR  THE  Remains  of  the  Fossil  Elephant  of  Nohth 
America.    By  J.  W.  Foster,  of  Monson,  Mass. 

The  true  position  in  the  geological  series  of  the  deposits  in  which 
these  remains  occur  is  still  a  mooted  point  among  American  geologists. 
Many  maintain  that  the  introduction  of  the  elephant  upon  the  earth 
was  subsequent  to  the  Drift  epoch,  and  there  are  those  even  who  assert 
that  their  extinction  has  taken  place  since  the  advent  of  man.  I  am 
disposed  to  refer  their  origin  to  a  far  higher  antiquity,  when  the  earth 
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waa  tenanted  with  different  forms  of  animal  life,  and  when  different 
physical  conditions  prevailed  from  what  we  now  behold*  I  will  pro- 
eeed  with  some  minuteness  to  adduce  the  evidence  on  which  this  opin- 
ion is  based ;  and  in  the  accomplishment  of  the  task  it  will  be  neces- 
sary to  inquire  into  the  origin  and  age  of  the  superficial  deposits  in 
which  these  remains  are  entombed. 

From  the  borders  of  the  Arctic  Ocean  to  the  limits  of  latitude  forty 
degrees  north,  we  meet  with  accumulations  of  clay,  sand,  and  gravel, 
interspersed  with  boulders  of  northern  origin,  and  blocks  derived  from 
no  great  distance.  In  the  basins  of  the  Great  Lakes,  these  deposits  con- 
sist of  marly  clays,  variously  colored,  overlaid  by  coarse  pebbles,  and 
water-worn  boulders.  Intermingled  with  these  clays  are  found  the 
remains  of  vegetables,  consisting,  so  far  as  identified,  of  red  and  white 
cedar,  spruce,  pme,  and  cranberry,  —  indicating  the  existence  of  a  sub- 
arctic  vegetation.  Thus  far,  throughout  the  entire  area  occupied  hy 
these  deposits,  few  remains  of  shells  have  been  found ;  but  these  are 
of  freth.  water  origin.  These  materials  are  sometimes  minted  together 
pellmell,  but  are  more  frequently  distributed  in  stratified  beds.  The 
boulders  occupy  no  particular  position,  but  appear  to  have  been  depos- 
ited sometimes  upon  rubble  and  sometimes  on  comminuted  clay. 

We  are  too  apt  to  regard  the  Drift  agency  as  of  short  continuance ;. 
and  there  are  those  who  still  maintain  that  the  materials  were  distribu- 
ted by  a  temporary  rush  of  the  waters ;  but  it  may  be  presumed  that 
a  long  interval  of  time  intervened  between  the  first  grooving  and  plan- 
ing down  of  the  rocks  and  the  cessation  of  the  boulder  transportation, 
which  observers  have  thus  far  failed  to  indicate  by  distinct  geological 
monuments. 

There  are  other  phenomena  intimately  connected  with  the  close  of 
the  Drift  epoch,  to  which  I  will  proceed  to  advert.  These  are  the 
Terraces. 

To  those  who  have  investigated  the  terraces  which  border  the  great 
kkes  and  rivers  of  our  country,  it  must  appear  evident  that  they  have 
not  resulted  from  the  bursting  of  barriers  at  their  outlets,  but  from  the 
gradual  rise  of  a  portion  of  the  continent,  with  sufficient  pauses  in  the 
movement  to  admit  of  their  formation.  The  oldest  river  terraces 
appear  to  have  been  formed  towards  the  termination  of  the  Drift 
period,  since  we  find  that  they  contain  erratic  and  angular  blocks 
which  could  not  have  been  transported  to  their  present  position  by 

(13*) 
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existing  agencies.  This  might  not  necessarily  follow  in  all  instances, — 
for  the  Drift  of  which  thej  are  composed  might  have  been  subseqaentlj 
modified  by  fluviatile  action ;  but  we  have  not  the  means  of  distin- 
guishing between  primitive  and  modified  drift.  Even  those  terraces 
composed  of  comminuted  materials  might  have  been  formed  at  a  time 
when  the  summits  of  the  country  were  above  the  Drift  agency,  while 
the  depressed  portions  were  exposed  to  its  ravages. 

On  the  whole,  it  is  reasonable  to  suppose  that  the  most  ancient  of 
the  terraces  are  intimately  connected  with  the  termination  of  the  Drift 
epoch,  and  that  their  formation  was  the  result  of  those  elevatory  move- 
ments by  which  the  continents  were  made  to  assume  their  present 
outlines.  When  we  witness  the  present  operation  of  rivers  in  eroding 
their  channels  and  forming  alluvial  deposits,  we  may  well  suppose  that 
the  more  recent  even  of  the  terraces  have  a  higher  antiquity  than  that 
ordinarily  assigned  to  the  introduction  of  man. 

We  propose  to  offer  a  few  remarks  as  to  the  physical  conditions 
which  obtained  during  the  accumulation  and  dispersion  of  tL^e  super- 
ficial materials  comprehended  under  the  head  of  Drift.  It  is  pretty 
well  agreed  among  geologists  that  ice  was  the  agent  by  which  the  rocks 
were  planed  down  and  striated,  and  the  boulders  transported ;  but  it  is 
not  agreed  whether  that  agency  was  manifested  under  the  form  of  gla- 
ciers or  icebergs. 

For  the  production  of  glaciers  several  conditions  must  exist.  The 
country  must  be  diversified  with  mountains  and  valleys ;  the  vicissitudes 
between  the  summer  and  winter  temperature  must  be  marked ;  and  the 
atmosphere  must  be  sufficiently  charged  with  moisture  to  cause  it  to 
descend  in  the  form  of  rain  and  snow.  Hence,  at  this  day,  as  pointed 
out  by  De  Beaumont,  we  have  beneath  the  tropics,  mountains  whidi 
rise  above  the  snow-line ;  but  there  is  not  sufficient  variableness  ci 
climate  to  cause  the  snow  to  descend  in  the  form  of  glaciers.  Hence,  in 
Arctic  America  we  have  all  the  conditions  of  climate  necessary  to  their 
production  ;  but  the  relief  and  depression  of  the  soil  are  wanting. 

If  we  were  to  suppose  that,  preceding  the  Drift  epoch,  the  country 
stood  a  few  thousand  feet  higher  than  at  present,  the  summits  of  the 
Adirondack  and  White  Mountains  would  be  brought  within  the  limits  of 
perpetual  snow  ;  glaciers  might  be  formed,  which,  descending  into  the 
valleys,  would  groove  and  polish  the  rocks  and  leave  behind  bug  lines 
<iof  rocky  fragments  known  as  moraines.   But  in  the  region  of  the  West,-— 
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where,  from  the  southern  confines  of  the  Drift  to  the  borders  of  the 
Arctic  Ocean,  there  is  no  elevation  two  thousand  five  hundred  feet  above 
the  tide-level,* — whatever  might  have  been  the  conditions  of  the  climate, 
glaciers  would  not  be  generated.  Immense  accumulations  of  ice  would 
be  formed  in  the  circumpolar  regions,  and  a  sub-arctic  vegetation  would 
cover  the  plains  and  the  slopes  of  the  hills,  where  now  we  meet  with 
deciduous  trees. 

While,  therefore,  in  the  more  elevated  portions  of  New  England  and 
New  York,  we  find  phenomena  clearly  referable  to  glacial  action, 
throughout  the  West,  we  must  resort  to  other  causes  to  explain  the 
planing  and  grooving  of  the  rocks,  the  transportation  of  boulders, 
and  the  stratification  of  the  superficial  materials. 

That  the  climate  of  both  continents  was  much  colder  preceding  the 
human  epoch  than  at  present,  is  evidenced  bj  a  variety  of  facts.  The 
buried  timber,  as  before  remarked,  is  almost  exclusively  of  a  sub-arctic 
character.  The  molluscs  of  this  period,  according  to  Prof.  E.  Forbes, 
although  belonging  mainly  to  existing  species,  indicate  by  their  assem- 
blage the  same  thing.  The  fossil  elephant  of  Europe,  by  his  compound 
covering  of  wool  and  hair,  was  adapted  to  withstand  the  rigors  of  a 
northern  climate ;  and  by  the  augmented  complexity  and  number  of  the 
triturating  plates  of  his  teeth,  as  compared  with  the  existing  species,  as 
indicated  by  Owen,  was  adapted  to  live  mainly  on  the  woody  fibre  of 
trees.  That  the  habits  of  the  mastodon  were  similar,  is  proved  by  the 
fiict  that  the  contents  of  his  stomach,  in  several  instances,  have  been 
found  to  be  composed  of  twigs  and  branches  of  coniferous  trees  which 
now  flourish  in  northern  latitudes,  and  which  are  identical  with  the 
buried  arborescent  vegetation  of  the  Drift. 

Assuming  that  the  country  was  submerged  —  and  that  it  has  been  is 
evidenced  by  the  Drift  deposits  two  thousand  feet  above  the  ocean  level 
—  the  vast  accumulations  of  ice  in  the  circumpolar  region  would  be  set 
afioat,  in  the  form  of  bergs,  freighted  with  fragments  of  rock  and  finer 
materials  incorporated  with  them  while  attached  to  the  land,  which,  en- 
tering the  water,  would  pursue  a  southern  direction,  for  the  reason  that 
the  cold  waters  of  the  north  are  constantly  flowing  towards  the  equato- 
rial regions ;  nor  would  their  course  be  modified  to  any  great  extent  by 

*  The  height  of  land  between  Lake  Superior  and  the  Arctic  Ocean,  according  to 
Sir  John  Richardson,  does  not  exceed  1,500  feet  above  that  lake. 
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winds,  as  about  se Ten-eighths  of  their  surfaces  must  have  been  sub- 
merged. As  they  melted  away  in  their  progress,  they  would  leave 
behind  long  trains  of  boulders,  which  subsequently,  when  the  sea  bot- 
tom was  elevated,  would  be  found  stre^Ti  over  an  unequal  surfisu^e,  or 
imbedded  in  detrital  materials  of  variable  fineness.  These  materials, 
if  thrown  down  in  deep  water,  or  exposed  to  the  action  of  currents, 
would  be  assorted  and  stratified.  Wherever  the  icebergs  became 
stranded  upon  a  reef  or  shoal  coast,  the  rocks  would  be  scratched  and 
grooved,  and  long  lines  of  pebbles  and  boulders  would  be  thrown  up. 
It  is  by  a  process  like  this,  in  our  opinion,  that  the  rocks  have  been 
grooved  and  the  boulders  distributed. 

If  now  the  country  were  to  rise  slowly,  with  occasional  pauses  in  the 
movement,  summit  afier  summit  would  emerge ;  the  ocean  would 
recede  farther  and  farther,  leaving  behind  a  series  of  coast  lines  and 
beaches,  indicating  its  former  level ;  estuaries  would  become  converted 
into  lakes;  the  superabundant  waters  would  be  gathered  into  the 
depressions,  and  the  rivers  would  fiow  with  increased  velocity,  excavat- 
ing for  themselves  new  channels  and  bearing  into  the  pools  the  silt  and 
sand  of  a  former  sea  bottom.  Terraces  would  be  formed  along  the 
margin  of  the  valleys,  as  the  country  rose,  or  the  waters  cut  away  the 
barriers  which  imprisoned  them. 

The  lakes  and  pools  thus  formed  might  soon  become  the  habitats  of 
numerous  fresh  water  moUusca,  whose  remains  at  this  day  constitute  beds 
of  shell-marl.  As  the  lakes  shoaled,  either  by  successive  depositions  of 
detrital  matter  or  by  a  lowering  of  their  outlets,  aquatic  plants,  such  as  tbe 
lilies  and  the  rushes,  would  take  robt  in  the  bottom,  succeeded  by  the 
chara  and  the  sphagnum,  which  would  flourish  so  long  as  the  lake  beds 
furnished  a  sufficient  amount  of  moisture.  While  these  changes  were 
taking  place  on  the  land,  far  out  in  the  sea  and  along  the  coast  lines^ 
the  same  causes  which  had  dispersed  the  detrital  materials  over  higher 
levels  might  be  in  full  activity.  Thus,  many  of  the  swamps  and  peat 
marshes  which  have  served  as  the  sepulchres  of  the  mastodon,  may  have 
originated  at  a  remote  epoch,  as  compared  with  the  advent  of  man, 
although  the  associated  shells  belong  to  existing  species. 

We  have,  then,  evidence  of  an  augmentation  of  cold  by  which  large 
icy  barriers  were  formed,  of  the  depression  of  a  vast  area  in  the  north- 
ern portion  of  the  continent,  of  the  dispersion  of  boulders,  of  a  subse- 
quent elevation  of  the  land,  of  the  formation  of  terraces  and  beaches,  and 
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of  the  depositioD  of  detrital  materials,  enveloping  the  remains  of  ter- 
restrial and  molluscous  animals. 

Having  thus  endeavored  to  sketch  the  peculiarities  of  the  Drifl  de- 
posits, I  will  now  proceed  to  notice  their  connection  with  the  remains 
of  the  elephant 

THEIR   OCCURRENCE   IN   OHIO. 

The  following  topographical  sketch  of  the  Muskingum  Valley,  near 
Zanesville  —  which  is  on  a  scale  of  one  inch  to  the  mile  —  will  serve 
to  illustrate  the  relative  position  of  the  several  formations. 

TOPOGRAPHICAL  SKETCH  OF  THE  MUSKINGUM  VALLEY. 


154 


NATURAL   BISTORT. 


A.  Coal  Measaret. 

B.  Valley  Drift  cooflisting  of  stratified  beds  of  gravel,  sand,  and  pebbles,  with  oocar 

sional  boulders  of  granite,  and  angular  blocks  of  limestone  and  sandstone,  in- 
closing the  remains  of  the  fossil  elephant. 

C.  Yellow  loam  forming  the  river  bottom,  or  alluvial  deposit 

a,  b,  c.  The  points  in  the  Valley  Drift  where  the  remains  of  the  elephant  have  been 
discovered. 

That  portion  of  the  sketch  (marked  A)  is  occupied  by  the  Coal  Meas- 
ures, which  rise  in  hills  two  or  three  thousand  feet  in  height,  and  pre- 
sent rounded  outlines.  The  superficial  soil  is  a  clayey  loam,  resulting 
from  the  decomposition  of  the  subjacent  shales  and  sandstones,  with  no 
admixture  of  boulders  or  granite  pebbles. 

Skirting  the  fianks,  and  forming  a  well-defined  terrace,  sixty  feet 
ahove  the  level  of  the  Muskingum,  is  found  the  Valley  Drift.  It  con- 
stitutes, for  the  most  part,  the  rim  of  the  valley,  but  in  a  few  places 
the  river  has  swept  it  away,  and  now  impinges  on  the  sandstones 
and  shales  of  the  coal-measures.  The  Drifl  reposes  immediately  on 
the  subjacent  rocks,  which  had  been  previously  eroded,  leaving  an 
irregular  surface.     Its  maximum  thickness  is  sixty-three  feet. 

The  intervening  space,  provincially  termed  "  Bottom  lands,"  consists 
of  fine  sands  and  clay,  with  an  entire  absence  of  loose  blocks, 
boulders,  or  pebbles,  and  attains  a  maximum  thickness  of  forty 
feet.  This  interval  exhibits  two  well-defined  terraces  and  a  slight 
ridge,  in  the  nature  of  an  6sar,  which  are  not  represented  on  the 
preceding  sketch. 

The  following  section  was  made  across  the  valley,  along  the 
line  d  e. 


A.  Coal  Measures. 

B.  Valley  Drift. 

C.  Alluvium. 


On  the  east  side  of  the  river,  the  rubble  B  is  seen  reposing  on  the 
fianks  of  the  hills,  while  the  immediate  bank  consists  of  loam  C.  The 
west  bank  rises  abruptly  from  the  water's  edge  to  the  height  of  ten  feet, 
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succeeded  bj  a  bench  about  four  rods  in  width,  when  there  occurs 
a  terrace  about  five  feet  in  height  Another  bench  of  about  the  same 
width  then  intervenes,  with  a  terrace  nine  feet  in  height,  and  next  a 
bench  one-fourth  of  a  mile  in  width,  bounded  by  an  oval  ridge,  beyond 
which  the  gravel  terrace  rises  to  the  height  of  about  twenty-six  feet, 
capped  with  a  layer  of  clay. 

Proceeding  north,  along  the  left  bank  of  the  river,  this  terrace  is 
soon  lost  sight  of,  and  the  subsequent  formation  (C)  approaches  the 
base  of  Putnam  Hill. 

Having  rounded  the  point,  the  ancient  terrace  reappears  in  the  valley 
of  the  Pataskala,  forming  an  elevated  plateau,  much  prized  for  build* 
ing  sites.  Crossing  the  Pataskala,  sharp  and  well  defined,  it  is  seen 
skirting  the  valley  of  the  Muskingum  for  a  mile  and  a  half,  and  removed 
from  one  fourth  to  one  half  of  a  mile  from  its  channel,  until  it  intersects 
the  rocks  of  the  coal  measures.  It  rises  to  the  height  of  twenty-five  or 
thirty  feet  above  the  bottom  land,  and  then  stretches  back  in  a  beauti- 
ful plateau. 

Crossing  to  the  Zanesville  side,  at  the  point  E,  it  is  seen  along  the 
flanks  of  tlie  hills  ;  but,  a  short  distance  above,  the  river  intersects  the 
coal-bearing  rocks.  At  Slago's  Bun,  the  coarse  gravel,  cemented  into 
a  conglomerate  by  calcareous  matter,  is  seen  reposing  upon  the  lime- 
stone ;  then  succeeds  an  interval  of  nearly  half  a  mile,  over  which  it  is 
obscurely  traced ;  but  above  the  town,  at  Cox's  paper-mill,  it  reappears 
oo  the  river  bank  in  the  form  of  a  bluff  sixty-three  feet  in  height,  and 
eootinues  for  three  fourths  of  a  mile,  when  it  gradually  recedes  from 
the  bank  and  assumes  the  form  of  a  terrace.  It  is  here  that  the  ob- 
server has  the  best  opportunity  of  studying  its  structure.  Layers  of 
fine  sand  alternate  with  layers  of  coarse  pebbles,  often  intermixed 
with  minute  particles  of  vegetable  matter.  The  materials  are  most 
thoroughly  assorted,  —  a  process  which  must  have  resulted  from  their 
prolonged  suspension  in  the  water.  The  beds  of  sand  are  freed  from 
all  aluminous  matter,  and  often  contain  small  pebbles  of  the  size  of  a  bul- 
let, arranged  along  the  lines  of  bedding.  They  exhibit  many  of  the 
most  beautiful  examples  of  cross-stratification,  which  would  seem  to 
indicate  that  the  materials  were  pushed  along  the  bottom  of  an  estuary 
and  deposited  amid  shifting  eddies.  From  the  character  of  some  of 
these  beds,  it  is  evident  that  the  current  by  which  they  were  deposited 
did  not  flow  in  the  direction  of  the  present  stream. 
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The  coarser  materials  consist  of  pebbles,  rounded  and  smoothed,  and 
derived  from  sources  far  remote ;  intermingled  with  angular  and  slightly 
rounded  blocks  from  the  immediate  neighborhood.  Among  the  former 
I  recognized  granite,  sienite,  quai*tz,  hornblende,  greenstone,  yellow 
jasper,  and  black  chert,  together  with  pebbles  of  limestone,  mainly  from 
the  Niagara  group.  It  is  not  unusual  to  find  in  these  loose  deposits  well 
preserved  specimens  of  the  Niagara  corals,  affording,  in  this  respect, 
a  very  remarkable  analogy  to  those  of  the  Lake  Superior  region. 

It  was  in  this  vicinity,  at  the  point  c,  where  Malinda  street  intersects 
the  river,  that  the  remains  of  the  elephant  were  first  discovered,  about 
eight  years  since.  A  fragment  of  a  tusk  three  feet  in  length  was 
washed  from  the  bank,  and  is  now  in  the  possession  of  Mr.  James  L 
Cox,  of  Zanesville.  Subsequently  another  was  exhumed  at  the  point 
b,  near  Mill  Run.  In  December,  1852,  Mr.  Thomas  S.  Sedgwick,  one 
of  the  engineers  on  the  Central  road,  and  Mr.  Albert  Spaulding,  ob- 
served a  portion  of  an  incisor  protruding  from  the  bank  at  the  point  a, 
about  eight  feet  above  the  railroad  embankment.  They  soon  succeeded 
in  laying  bare  the  two  incisors,  the  four  molars,  and  other  fragments 
of  the  skeleton.  Having  heard  that  I  was  in  the  vicinity  and  was 
soon  expected  there,  they  suspended  further  operations  in  order  to 
enable  me  to  witness  the  exhumation,  and  critically  examine  the  nature 
of  the  surrounding  materials ;  a  favor  for  which  I  desire  to  express 
publicly  my  sincere  thanks.  After  my  arrival,  the  excavations  were 
resumed  and  revealed  a  portion  of  the  cranium,  one  of  the  patellae,  one 
of  the  vertebrae,  a  rib,  &c.  Although,  I  doubt  not,  other  portions 
of  the  skeleton  might  have  been  found,  yet  these  bones  were  in  so  frail 
a  state  as  to  render  them  almost  worthless,  and,  therefore,  the  farther 
prosecution  of  the  work  was  abandoned. 

The  molars  were  in  a  high  degree  of  preservation,  and  now  constitute 
a  part  of  the  collection  of  the  late  Dr.  J.  C.  Warren,  of  Boston. 

The  height  of  the  elephant  bed  is :  — 

Above  the  river  at  the  Upper  bridge  at  ZanesTille ^ 

Above  Lake  Erie 142 

Above  tide  water 707 
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SECTION  OF  THE  ELEPHANT  BED. 


A.  Coal  Measures. 

B.  Drift  Terrace. 

C.  AllaTiam. 

Feet.  Inches 

1 .  Yellow  loam,  stratified 8 

2.  Pine  sand,  " 1 

3.  Fine  gravel,  '' 6 

4.  Yellow  loam,        " 2 

5.  Pebbles  of  igneous  rocks,  some  of  which  are  4  inches  in  diameter        6 

6.  Yellow  sand,  stratified 6 

7.  Yellow  loam 7 

8.  Pebbles  like  bed  No.  5,  intermingled  with  large  angular  and  slightly 

rounded  blocks  from  the  vicinage.  Among  these  I  observed  a 
sandstone  block,  5  feet  X  1^  X  1^:  —  another  much  rounded  2^ 
X  1^  feet :  —  a  slab  of  limestone  2  X  1^  X  ^  feet :  also  angular 
blocks  of  chert,  containing  5  or  6  cubic  feet.  I  have  observed  in 
this  connection  granite  boulders,  containing  8  or  10  cubic  feet  .        2        6 

9.  Fine  yellow  sand,  diagonally  stratified  with  bands  of  fine  pebbles, 

indosing  the  remains  of  the  elephant 8        6 

Total 29        7 

The  subjacent  deposits  at  this  point  are  concealed  by  the  alluvium  ; 
bat  farther  down  the  stream  the  same  alternation  of  coarse  and  fine 
materials  is  found  to  continue  to  the  water's  edge.  Their  entire  thick- 
ness, as  before  remarked,  is  sixty-three  feet. 

The  bones  do  not  appear  to  have  been  worn  or  broken,  previous  to 
their  deposition ;  and  from  the  fact  that  all  of  the  molars,  and  both 
incisors,  together  with  the  cranium,  were  found  together,  I  am  inclined 
to  the  opinion  that  the  entire  carcass  was  floated  into  this  ancient  estu- 

(14) 
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arj,  and  held  together  bj  the  skin  and  strong  integuments  ontil  the 
more  perishable  materials  decayed. 

There  is  another  circumstance  worthy  of  consideration,  and  that  ia, 
the  occurrence  of  lai^  fragments  of  rock  immediately  above  these 
remains,  which  we  have  not  seen  repeated  elsewhere  in  the  sectioo. 
This  would  seem  to  indicate  the  existence  of  a  current  of  unnsaal  tur- 
bulence, or  that  there  was  a  renewal  of  the  same  causes  by  which  the 
boulders  were  transported,  after  the  interment  of  the  carcass. 

There  are  two  other  points  within  the  Muskingum  Valley  where 
these  remains  have  been  found.  Mr.  A.  C.  Boss  has  a  small  molar,  in 
a  high  state  of  preservation,  which  was  found  near  the  mouth  of  Salt 
Creek,  nine  miles  below  Zanesville.  It  had  been  washed  from  the  ad- 
joining bank,  but  it  was  not  traced  to  its  source.  At  Beveriy,  forty 
miles  below  Zanesville,  three  molars  were  taken  from  the  Valley 
Drift. 

Let  us  now  examine  the  order  of  events  which  has  happened  here. 
That 'order,  if  I  rightly  interpret  the  phenomena,  was  as  follows :  First, 
the  vaUey  was  scooped  out  of  the  Coal  Measures,  which  form  the  great 
ft*amework  of  this  region  ;  next,  it  was  filled  from  side  to  side,  to  the 
height  x>f  sixty  feet,  with  sand  and  pebbles,  and  occasional  boulders,-^ 
all  derived  from  regions  far  remote,  —  and  angular  blocks  from  the 
vicmity,  at  a  time  when  the  country  stood  at  a  lower  level  than  at 
present.  Then  the  country  was  elevated,  during  which  the  vaUey 
was  partly  reexcavated,  leaving  behind  the  drift  terraces  as  a  record 
of  the  event.  Again  it  sunk,  when  the  comminuted  sand  and  day, 
forming  the  river  bottom,  was  deposited,  and  rose  again  at  successive 
intervals,  leaving  behind  no  less  than  three  sets  of  alluvial  terraces* 
After  the  formation  of  the  most  ancient,  or  drift  terraces,  the  waters 
ceased  to  transport  pebbles  and  angular  blocks.  The  river  now 
winds  its  way  through  this  alluvial  bottom,  which  was  formed  under 
different  physical  conditions  ft*om  those  which  now  prevail ;  that  is, 
when  the  waters  were  higher,  or,  what  amounts  to  the  same  thing, 
when  the  country  was  lower.  There  is  nothing  to  induce  us  to  believe 
that  these  changes  have  taken  place  within  the  human  epoch.  The 
latest  of  the  terraces,  we  may  presume,  are  older  than  man ;  but  wh«i 
compared  with  the  first  formed,  which  contain  the  remains  of  the  ele- 
phant, they  are  comparatively  modem. 

In  estimating  the  antiquity  of  these  deposits,  we  should  also  bear  in 
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mind  that  the  highest  drifl,  and  that  farthest  removed,  is  the  oldest. 
As  the  country  was  first  depressed,  and  then  rose  bj  repeated  oscilla- 
tions, it  follows  that  the  higher  portions,  and  those  the  most  remote 
from  the  sources  of  this  agencj,  would  be  first  exempt  from  its  ravages. 
We  are  here  near  its  southern  confines  (latitude  40^  N.),  and  in  a  re- 
gion where  it  has  penetrated  onlj  through  (he  deeper  valleys ;  and  as 
these  deposits  are  situated  nearly  150  feet  above  Lake  Erie,  we  must 
assign  to  them  a  higher  antiquity  than  the  uppermost  of  those  which 
occur  at  lower  levels. 

Jackson  County^  Ohio. 

In  the  year  1838,  Mr.  Briggs  and  myself,  then  employed  in  the  geo- 
logical survey  of  Ohio,  exhumed  a  portion  of  the  skeleton  of  the  fossil 
elephant  from  the  banks  of  one  of  the  tributaries  of  Salt  Creek.  The 
fragments  consisted  of  two  molars,  several  ribs,  portions  of  the  cra- 
nium, one  incisor,  two  patella  and  several  vertebrsB. 

These  remains  were  found  in  an  ancient  lacustrine  deposit,  covered 
over  with  fine  detrital  materials,  to  the  depth  of  eighteen  feet,  of  which 
the  following  is  a  section  :  — 

Feet.  Inchei. 

1.  Yellow  claj  or  loam 5        6 

2.  YeHowBand 7        6 

8.  Irregular  lajers  of  sand  shaded  red  and  yellow,  and  firmly  cemented 

with  iron 8 

4.  Blue  clay,  inclosing  the  remains  of  the  elephant,  together  with  fing- 
ments  of  plants  not  identified 5 

Total 19        8 

This  deposit  forms  a  bluff  on  one  side  of  the  stream,  while  on  the 
other  occurs  the  more  recent  alluvium. 

The  following  were  the  dimensions  of  the  incisor :  — 

Feet.  Inchef. 

Length  on  the  outer  curve 10        9 

Length  on  the  inner  curve ..89 

Circumference  at  the  base 19 

"  two  feet  from  base 1       10 

"  four  "     "       " 1      11 

Its  weight  was  180  pounds;  it  was  in  a  very  frail  condition  and  has 
since  crumbled  to  pieces. 
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Western  Vtrginicu 

Mr.  Alfred  Sears,  lately  an  engineer  on  the  Baltimore  and  Ohio 
Railroad,  has  deposited  in  the  museum  of  the  Smithsonian  Institation 
a  few  fragments  of  the  skeleton  of  the  fossil  elephant,  and  from  him  I 
derive  the  following  account  of  their  geological  position :  — 

"  Above  Wheeling  the  river  bottom  is  very  narrow ;  but  as  we  de- 
scend the  Ohio,  it  widens  gradually,  rising  with  one  step  until  we 
reach  a  point  four  and  a  half  miles  from  Wheeling  Creek,  when 
another  step  begins  and  continues  beyond  the  place  where  these  relies 
were  found.  The  bottom  is  very  level,  and  consists  of  a  deposit  of 
gravel  and  sand.  At  a  point  intermediate  between  Wheeling  and  the 
place  where  the  cross-section  occurs,  other  bones  of  the  elephant  were 
found  in  the  *  Upper  bottom,*  twelve  or  thirteen  feet  below  the  sur- 
face." 

The  following  is  a  cross-section  of  the  Ohio  valley  near  Wheeling :  — 


^^^- 


A.  Bottom  land. 

B.  Terrace  in  which  the  bones  occur,  17  feet  below  the  snrface. 

C.  Coal-meafiares,  rising  in  hills  to  the  height  of  200  feet. 
Height  of  the  steps  is  20  —  25  feet. 

With  regard  to  the  pebbles,  Mr.  Sears  remarks  that  he  has  never 
seen  in  this  part  of  the  Ohio  any  of  granitic  origin,  but  they  are  for 
the  most  part  of  sandstone  and  limestone,  the  debris  of  the  neighbor- 
ing formation.  Between  these  deposits  and  those  of  the  Muskingum 
Valley,  there  is  a  coincidence  in  this  respect,  —  that  the  elephant  re- 
mains occur  in  the  upper  or  oldest  terrace ;  and  to  show  that  they  pos- 
sess a  higher  antiquity  than  the  works  of  man,  I  would  state  that  up<Hi 
this  upper  terrace,  and  within  a  few  feet,  in  a  linear  direction  from  the 
lower  deposit  of  fossil  bones,  there  is  an  aboriginal  mound,  thus  proving 
that  the  topographical  features  of  this  vicinity  must  have  been  the 
same  as  we  now  behold  at  the  time  of  the  building  of  this  structure. 
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Hitherto  the  Big  Bone  Lick,*  in  Kentucky,  has  proved  the  great 
charnel-house  of  the  remains  of  the  mastodon  and  elephant  This 
locality  has  often  been  described  as  a  swamp,  with  a  substratum  of 
blue  mud,  in  which  these  colossal  pachyderms,  together  with  the  bison 
and  deer,  belonging  to  existing  species,  were  mired.  This  view,  how- 
ever, is  erroneous.  The  deposits  are  very  similar  to  those  in  Jackson 
county,  Ohio,  hitherto  described, — consisting,  first,  of  a  yellow  clay, 
fifteen  or  twenty  feet  in  thickness,  with  a  dark-colored  clay  below,  con- 
taining the  pachyderm  remains.  At  the  place  where  most  of  the  ex- 
cavations have  been  made,  the  yellow  clay  has  been  denuded,  leaving 
the  blue  clay  on  the  surface ;  and  although  in  this  swamp  the  bones  of 
the  deer  and  the  buffalo  have  been  found  side  by  side  with  those  of 
the  mastodon  and  the  elephant,  yet  they  belong  to  two  distinct  geolog- 
ical epochs.  The  latter  were  entombed  before  the  deposition  of  the 
yeUow  clay,  and  the  former  after  its  denudation.  It  is  an  undeniable 
hd  that  the  pachyderm  remains   have   been  found,  on  penetrating 

*  The  occiirrence  of  these  remains  at  this  point  was  mentioned  by  Dr.  Longeml, 
a  Fraich  voyageor,  as  early  as  1744. 

In  the  Journal  of  Christopher  Gist,  an  agent  sent  oat  by  the  Ohio  Company,  oc* 
can  this  notice :  — 

"Wednesday,  March  13,  1751.  We  set  out  S.  45  West  down  the  river  Ohio. 
I  met  two  men  belonging  to  Robert  Smith,  at  whose  house  I  lodged  on  this  side  of 
the  Mineami  (Miami),  and  one  Hugh  Crawford.  The  said  Robert  Smith  bad 
gireo  me  an  order  on  these  two  men  for  two  of  the  teeth  of  a  laige  beast,  which  they 
were  bringing  from  towards  the  Falls  of  the  Ohio  (Louisville),  one  of  which  I  bought 
and  delivered  to  the  Ohio  Company.  Robert  Smith  informed  me  that  about  seven 
years  ago  (1744),  these  teeth  and  the  bones  of  these  laige  beasts,  one  of  which  was 
somewhat  smaller  than  the  other  two,  were  found  in  a  salt  lick,  or  spring,  upon  a 
small  creek  which  runs  into  the  south  side  of  the  Ohio,  about  fifteen  miles  below 
the  Great  Mineami  River,  and  mostly  above  the  Falls  of  the  Ohio.  He  assured 
me  that  the  rib  bones  of  the  largest  of  these  beasts  were  eleven  feet  long,  and  the 
skull  bones  six  feet  across  the  forehead,  and  the  other  bones  in  proportion ;  and  that 
there  were  several  teeth  there,  some  of  which  he  called  horns  (IncisorB)^  and  sai4 
they  were  upwards  of  five  feet  long,  and  as  much  as  a  man  well  could  carry ;  that 
he  had  hid  one  in  a  branch  at  some  distance  from  the  place,  lest  the  French  In- 
dians should  carry  it  away.  The  tooth  which  I  brought  in  for  the  Ohio  Company 
was  a  jaw  tooth  of  better  than  fourteen  pounds  weight.  It  appeared  to  be  the  first 
tooth  in  the  jaw,  and  looked  like  fine  ivory  when  the  outside  was  scraped  off." 

(14») 
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through  the  yellow  claj,  in  the  blue  clay  beneath  ;  but  there  is  no  evi- 
dence that  the  remains  of  the  ruminants  have  been  found  under  these 
conditions. 

I  cannot,  therefore,  subscribe  to  the  opinion  thrown  out  by  Sir 
Charles  Lyell,  in  his  Travels  in  North  America,  that  the  matrix  of 
these  bones  is  the  silt  deposited  by  the  recent  action  of  the  river ;  bat 
regard  it  as  part  and  parcel  of  the  Drift  clays  so  abundantly  distributed 
over  the  West,  which  invariably  preserve  the  same  relation,  the  Wb< 
beneath,  the  yellow  above.  This  knowledge  of  the  order  of  superposi- 
tion is  understood  by  every  inhabitant  of  that  region,  and  is  brought  into 
requisition  in  every  well  that  is  sunk.  Although  in  the  nature  of  lacus- 
trine deposits,  I  am  disposed  to  refer  their  formation  to  a  period  when  the 
continent  was  rising,  and  the  superabundant  waters  were  gathered  into 
the  depressions  of  the  soil,  forming  lakes  and  pools. 

Jllinoii. 

The  profile  of  the  prairies  does  not  exhibit  one  uniform  dead  level ;  but 
a  succession  of  elevations  and  depressions  like  the  ground  swell  of  the 
ocean  transfixed.  The  culminating  points  attain  an  elevation  of  not 
over  three  hundred  feet  above  Lake  Michigan.  The  subjacent  rocks 
are  covered,  for  the  most  part,  with  transported  materials  to  the  depth, 
in  some  places,  of  two  hundred  feet  These  consist  of  yellow  day  and 
blue  clay,  the  latter  always  subordinate ;  beds  of  sand  and  pebbles, 
rudely  stratified,  and  boulders  of  granite,  sometimes  on  the  surface  and 
at  other  times  at  considerable  depths  below. 

To  illustrate  the  character  of  these  materials,  I  introduce  two  sec- 
tions of  borings  made  on  the  Chicago  branch  of  the  Illinois  Central 
Railroad,  in  the  spring  of  1856. 

SECTION   AT   RANTOUL. 

1.  Prairie  soil 3  feet. 

2.  YeUowclay 5  " 

3.  Gravelly  yellow  day 7  " 

4.  Blae  clay 51  *' 

5.  Sand 7  " 

6.  Boulder  of  syenite 4  "    6  indies. 

7.  Quicksand 

77  ft.    6  in. 
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SECTION  AT  URBANNA. 

1.  Prairie  soil 2  feet,  9  inches. 

2.  Yellow  clay 3    « 

3.  Red  sand 2    " 

4.  Yellow  clay     .        • 30    "     5       " 

5.  Sand  with  pebbles 5    <' 

43  ft.     2  in. 

Those  mounds,  like  accumulations  of  Drift  materials,  devoid  of 
stratification,  so  characteristic  of  New  England,  are  here  entirely 
wanting. 

According  to  Dr.  Stevens,  in  an  excavation  along  the  line  of  the 
Illinois  Central  Railroad,  near  Beaucoup,  at  the  depth  of  about  eighteen 
feet,  the  workmen  found  the  remains  of  a  mastodon  in  the  prairie 
drift,  below  the  yellow  clay,  in  the  older  or  reddish  clay. 

At  Sandoval,  about  twenty- four  miles  north  on  the  same  route,  other 
remains  were  found  about  twelve  feet  below,  in  a  similar  position. 

At  Bloomfield,  Edgar  county,  the  remains  of  a  jaw  and  three  teeth 
were  found  in  the  yellow  clay,  about  three  feet  below  the  surface. 

Near  Danville,  in  the  bluff  forming  the  table-land  of  the  country, 
the  following  section  was  observed. 

1.  Soil 5  feet 

2.  Grarel  with  bones  of  a  pachydenn 8  " 

3.  Clay 2   " 

4.  Fine  washed  sand,  reposing  on  rocks  of  the  Coal  measores     .        .  2  " 

17  ft. 

Canada, 

The  remains  of  the  fossil  elephant  have  thus  far  been  found  in  only 
one  instance  in  the  Provinces,  and  that  was  at  Burlington  Heights, 
near  the  head  of  Lake  Ontario.  I  am  indebted  to  Mr.  McQueen  for 
the  following  account  of  the  conditions  under  which  they  were  found, 
communicated  by  Mr.  E.  Billings,  of  Bytown  :  — 

^  Burlington  Heights  is  a  narrow  peninsula,  about  three  fourths  of  a 
mile  in  length,  and  not  more  than  half  a  furlong  in  width,  which 
divides  Burlington  bay  and  the  Desjardines  marshes;  an  area  of 
several  thousand  acres  lying  between  the  head  of  the  bay  and  the  town 
of  Dundas,  four  miles  distant.     The  marsh  is  still  partially  covered 
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with  water ;  and  recent  experiments  have  shown  that  the  bottom  is  a 
soft,  floating  mud,  extending  to  a  depth  of  eighty  feet.  Its  present 
surface  is  scarcely  above  the  waters  of  the  bay.  A  sluggbh  stream 
from  the  high  lands  crawls  down  its  centre,  and  in  a  deep,  narrow 
glen,  winds  round  the  head  of  the  peninsula  into  the  bay,  and  now  forms 
the  Desjardines  canal.  I  have  no  doubt  that  the  large  mass  of  alluvial 
matter  has  been  formed  by  the  stream  in  its  untiring  perseverance. 
The  peninsula  is  one  hundred  and  ten  feet  in  height  The  land  on 
each  side  of  the  amphitheatre  in  which  the  marsh  is  inclosed  rises  to 
a  great  height,  say  one  hundred  and  ^(iy  feet  above  the  level  of  the 
peninsula.  The  great  puzzle  to  me  is  the  cemented  gravel ;  it  begins 
at  the  surface,  is  thirty  feet  thick,  is  regularly  bedded,  like  the  strata 
in  a  limestone  quarry,  has  a  considerable  dip,  or  inclination,  and  is  all 
but  impenetrable.  It  is  as  difficult  to  drill  or  blast  as  any  liniest<me» 
The  sand  on  which  it  is  incumbent  is  too  clean  and  too  fine  for  building 
purposes ;  of  this  quality  it  continues  for  perhaps  thirty  feet  downwards, 
and  then  turns  into  a  loose,  coarse  gravel,  like  the  beach  of  the  lake. 
The  bones  were  deposited  in  the  fine  sand,  in  which  there  is  not  a 
vestige  of  a  shell  of  any  description." 

These  cemented  materials,  overlying  the  elephant  bed,  having  the  ooo- 
sistency  of  a  rock  and  dipping  at  a  considerable  angle  lakeward,  are 
seen  on  the  right  bank  of  the  ravine  along  the  Great  Western  Railway, 
several  miles  distant  from  Dundas  ;  —  thus  showing  that  they  maintain 
their  persistency  over  a  considerable  area,  and  that  their  accumuladon  is 
due  to  causes  which  have  ceased  to  operate. 

As  to  the  character  of  the  fossil  bones,  the  reader  is  referred  to  the 
letter  of  Mr.  Cottle,  in  the  Annals  of  Natural  History,  and  copied  in  the 
American  Journal  of  Science,  Vol.  XV.  p.  282. 

New  England. 

Hitherto  the  remains  of  the  fossil  elephant  have  been  found  only  in 
Vermont  In  the  construction  of  the  Rutland  and  Burlington  Railroad 
the  partial  fragments  of  a  skeleton  were  found  at  Mount  Holly,  on  the 
very  summit  of  the  line,  1,440  feet  above  tide  water,  and  1,350  feet  above 
Lake  Champlain.*     There  are  here  the   remains   of  a  small  peat 

*  Agassiz,  Proceedings  Am.  Ass.  1S49. 
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swamp ;  but  Dr.  Warren  informed  me  during  his  lifetime  that  Mr. 
Heoshaw,  who  was  mainlj  instrumental  in  bringing  these  relics  before 
the  world,  was  strongly  under  the  impression  that  some  of  the  bones 
were  taken  from  below  a  very  large  boulder. 

There  is  here  a  deep  cut  through  the  unstratified  driAs,  and  the  sur- 
rounding hills,  which  attain  a  much  higher  elevation,  are  strewn  with 
large  boulders. 

New  Fork  and  New  Jer$ey, 

In  New  York  and  in  New  Jersey,  the  remains  of  the  mastodon  have 
been  found  in  a  high  degree  of  preservation  in  beds  of  shell  marl,  on 
which  is  imposed  a  deposit  of  peat.  The  shells  are,  in  all  instances,  of 
fresh  water  origin,  and  belong  to  existing  species ;  but,  thus  far,  no 
fragments  of  a  skeleton  of  the  fossil  elephant  have  been  found  in  this 
connection.*  In  the  valley  of  the  Ohio,  however,  the  remains  of  these 
two  classes  of  pachyderms  have  been  found  side  by  side,  thus  leaving 
no  doubt  that  they  were  contemporaneous.  The  remains  of  the  ele- 
phant at  the  West  certainly  occur  in  the  drift  materials  which  occupy 
the  valleys,  while  those  of  the  mastodon  are  found  in  what  often 
appear  to  be  erosions  in  the  old  drift. 

The  presence  of  the  remains  of  fresh  water  shells  of  existing  species 
ought  not,  however,  to  be  relied  upon  as  a  proof  of  the  extreme  mod- 
em origin  of  these  deposits,  since  it  is  an  undoubted  fact  that,  in  Europe 
and  in  South  America,  where  river  and  land  shelb  occur  associated  with 
fossil  mammalia,  even  of  the  Newer  Pliocine  period,  they  are  found 
to  belong  to  existing  species.  Thus  at  Brentford,  on  the  Thames,  the 
elephant  remains  are  associated  with  fresh  water  shells  of  existing 
species.  So,  too,  in  the  ossiferous  caves  of  Brazil,  the  remains  of 
extinct  mammalia,  like  the  megatherium,  are  associated  with  existing 
species  of  land  shells.  It,  therefore,  admits  of  no  doubt  that  a  race  of 
mammalia  has  sprung  into  existence,  flourished,  and  become  extinct, 
while  the  land  and  fresh  water  shells  have  remained  unchanged.! 


*  For  detailed  information  with  respect  to  these  deposits,  the  reader  is  referred  to 
Dr.  Warren's  Memoir,  "  The  Mastodon  Giganteus." 
t  Wood  on  the  Upper  Tertiaries,  Gcol.  Soc.  1849.    Lyell's  Elements, /Kustm. 
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The  Southern  Skates. 

In  the  region  of  the  South,  along  the  borders  of  the  Atlantic  and  the 
Gulf  of  Mexico,  there  is  a  series  of  superficial  deposits  embracing  the 
Lower,  Middle,  and  Upper  Tertiaries  ;  and  in  the  Mississippi  Valley, 
Sir  Charles  Ljell  has  detected  a  deposit  which  he  regards  as  the  equir- 
alent  of  the  Loess,  in  which  are  found  the  remains  of  the  mastodon. 

There  is,  also,  along  the  borders  of  the  Gulf  of  Mexico,  a  wide  belt 
of  sandy  materials,  apparently  more  recent  than  the  Newest  Tertiary, 
which,  although  characterized  by  an  entire  absence  of  boalders,  may 
be  really  contemporary  vrith  the  Drift, 

According  to  the  testimony  of  Southern  observers,  to  these  pachyderm 
remains  must  be  assigned  as  high  an  antiquity  as  the  Newer  Tertiaiy. 

North  CaroUncu 

From  the  banks  of  the  Neuse  River,  Mr.  T.  A.  Ck>nrad,  many  years 
ago,  obtained  the  bones  of  the  mastodon,  the  elephant,  the  hippopota- 
mus, the  horse,  the  deer,  and  the  elk,  all  belonging  to  extinct  species,  m 
a  bed  equivalent  to  the  Upper  Tertiary,  covered  over  by  a  deposit  of 
marine  shells,  in  places  fifteen  feet  thick,  which  belong  to  the  Pleis- 
tocine  period.  The  bones  were  very  much  water-worn,  so  that  in 
many  instances  the  characteristic  difierences  of  the  animals  to  which 
they  belonged  could  not  be  recognized.  In  conversing  with  him  on  the 
subject,  he  assured  me,  in  the  strongest  terms,  that  these  remains,  as 
thus  disclosed,  belong  to  the  Upper  Tertiary ;  and  their  rolled  appear- 
ance would  seem  to  indicate  that  they  might  have  been  washed  from  a 
bed  of  greater  antiquity  than  that  in  which  they  were  deposited. 

South  Carolina. 
Mr.  Tuomey,  in  his  Greology  of  South  Carolina,  regards  the  masto- 
don as  characteristic  of  the  Upper  Tertiary ;  and  states  that  forty-six 
per  cent  of  the  associated  marine  shells  are  found  to  be  extinct.-  In 
a  private  note,  he  remarks :  "  It  is  very  difficult  to  arrive  at  correct 
conclusions  as  to  the  precise  position  of  these  remains  where  you  do 
not  find  them  yourself.  I  am,  however,  satisfied  that  both  the  masto- 
don aud  the  mammoth  lived  at  the  period  of  the  deposition  of  what  we 
call  in  Virginia  the  Miocene." 
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Id  a  subsequent  note  he  embodies  the  following  information :  — 

^  Fragments  of  a  tusk  of  one  of  these  animals  have  been  found  in  a 
cave  in  North  Alabama,  together  with  bones  of  the  megalonjx,  as 
determined  by  Dr.  Leidj. 

^  I  have  a  tooth  of  the  mammoth,  said  to  be  from  the  Miocene  of 
Maryland.  It  was  found  by  a  highly  intelligent  gentleman,  whilst 
engaged  in  marling  operations,  and  transmitted  to  Edward  Ruffin,  Esq. 
of  Virginia.  An  account  of  its  discovery  will  be  found  in  the  Farmer's 
Eepster,  1  have  also  a  tooth  and  portion  of  a  tusk  of  a  mastodon 
found  in  the  same  formation  in  Virginia.  Aside  from  the  testimony  of 
the  respectable  gentleman  to  whom  I  am  indebted  for  these  specimens, 
the  marl  attached  to  them,  as  well  as  their  color,  left  no  doubt  in  my 
mind  as  to  the  deposit  in  which  they  were  found. 

^  I  placed  in  the  cabinet  of  the  South  Carolina  College  a  fine  tooth  of 
a  mastodon  found  under  similar  circumstances,  in  Darlington  District, 
South  Carolina.  Other  specimens  were  found  overlying  the  Eocene, 
near  the  Santee  Canal,  but  these,  I  believe,  are  not  supposed  to  be 
derived  from  that  formation. 

^  At  several  localities  in  Alabama,  remains  of  the  mastodon  occur  in 
superficial  deposits." 

Calt/omta, 

The  remains  of  the  fossil  elephant  have  been  found  in  numerous 
instances  in  this  region,  and  under  circumstances  which  leave  no  doubt 
as  to  their  true  geological  position,  tliat  is,  in  the  gold-producing 
drifts ;  —  the  same  association  having  been  observed  by  Sir  Roderick 
Murchison,  in  Siberia. 

Mr.  Smith,  connected  with  one  of  the  Pacific  Explorations,  showed 
me  a  tooth  of  the  fossil  elephant,  supposed  to  have  been  derived  from 
one  of  the  lignite  beds  of  Oregon. 

Foreign  Localities, 

The  pachyderm  remains  found  in  the  Pampas  of  South  America, 
according  to  M.  D'Orbignay,  occupy  a  position  intermediate  between 
the  Tertiary  and  Diluvial  formations,  which  he  designates  Pampeen. 

In  Europe,  the  Elephas  primigenius  had  a  wide  geographical  range. 
Its  remains  have  been  found  from  the  Arctic  Sea  to  the  Mediterranean. 
It  there  originated  early  in  the  Newer  Pliocine,  and  survived  through 
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the  whole  of  the  Glacial  epoch,  and  perhaps  even  until  after  the  period 
of  the  Terraces ;  for  its  remains  are  found,  for  example,  in  the  cliffs  of 
Norfolk,  England,  beneath  the  drift,  in  the  Loess  of  Northern  Ger- 
many, and  in  the  ice  cliffs  near  the  mouth  of  the  Lena,  where  they 
must  have  been  encased  at  a  time  when  that  portion  of  the  continent 
had  assumed  nearly  its  present  level. 

There  are  two  localities  in  the  British  Isles,  where  the  bones  of  the 
elephant  have  been  found  entombed  in  fluviatile  or  lacustrine  deposits, 
supposed  to  be  above  the  Drift.  "  It  is  not  difficult  to  conceive,"  re- 
marks De  la  B^he  (Geological  Observer),  "  that  these  mammals  may 
have  revisited  the  British  Isles,  again  connected  with  the  mainland, 
(supposing  that  the  area  had  been  submerged  and  again  elevated),  so 
that  their  remains  may  be  found  in  lacustrine  and  Huviatile  deposits, 
above  the  marine  accumulations  formed  during  the  interval  of  depres- 
sion. .  .  .  Assuming  only  one  submergence  sufficient  to  disconnect  the 
British  Isles,  followed  by  an  elevation  sufficient  to  restore  the  connec- 
tion, it  would  be  inferred  that  lacustrine  and  fluviatile  accumulations 
would  be  the  highest  amid  which  we  should  expect  to  discover  the  re- 
mains of  the  Elephas  primiffentus  and  his  contemporary  mammals.** 

It  has  hitherto  been  asserted  by  almost  every  osteologist  that  the 
elephant  of  this  country  was  identical  with  that  of  Europe.  This, 
however,  as  will  be  shown  in  a  subsequent  part  of  this  article,  is  a 
matter  of  exceeding  doubt.  If,  however,  this  should  be  found  true,  and 
if  the  prevailing  notions  as  to  the  simultaneous  origin  of  species  in  dif- 
ferent parts  of  the  earth  be  correct,  we  are  authorized  in  the  inference, 
that  the  elephant  appeared  as  early,  and  survived  as  long  on  this  oon- 
tinent  as  on  the  eastern,  and  that  the  causes,  whatever  they  may  have 
been,  which  led  to  his  extinction,  were  not  local  but  general  in  their 
operation. 

In  bulk  the  American  elephant  far  surpassed  the  existing  species, 
and  was  adapted  to  a  wide  geographical  range.  Contemporaiy 
with  him  was  the  mastodon  {M.  gtganteus),  of  a  more  ponderous 
frame,  but  of  an  inferior  size.  The  fossil  beaver  (Gastoroides  ohio- 
ensis),  tenanted  the  streams  and  lakes.  Herds  of  cattle  (Bos  Jwrnhi- 
frons  and  Bison  lattfrons,  X.),  roamed  over  the  plains,  while  the  tapir 
wallowed  in  the  swamps.  In  the  milder  regions  of  the  south,  visited 
by  the  elephant  and  the  mastodon  in  their  migrations,  lived  the  great 
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]eaf-eating  m^atherium,  the  mjlodon,  the  megalonTx,  the  hippopota- 
mus, the  horse,  the  elk,  and  the  deer,  all  belonging  to  extinct  species ; 
while  at  the  head  of  the  camivora  stood  the  colossal  lion  {FeK$ 
atroxj  L.),  which  then,  as  now,  was  monarch  of  the  forest 

The  observations  made  in  the  Son  them  States  would  seem  to  indi- 
cate that  the  elephant  originated  during  the  Newer  Pliocene  period  ; 
but  mj  own  observations  lead  me  to  infer  that  he  commenced  his  ex- 
istence before  the  drift  agencies  had  entirely  ceased ;  when  the  waters 
stood  at  a  higher  level,  when  the  contours  of  the  continent  were  differ- 
ent, when  a  different  climate  prevailed,  and  when  a  subarctic  vegetation 
stretched  far  towards  the  tropics;  at  a  time  when  the  valleys  had  been 
excavated  by  the  retiring  waters,  and  the  streams  had  assumed  nearly 
their  present  direction.  It  was  a  period  of  erosion,  which  ought  to  be 
marked  by  distinct  geological  monuments.  I  would  designate  it  as  the 
Fluviatile  Period. 

Although,  in  rare  instances,  the  remains  of  the  elephant  and  the 
mastodon  have  been  found  side  by  side,  there  are  deposits,  in  which 
elephant  remains  are  entombed,  apparently  older  than  any  that  contain 
those  of  the  mastodon ;  and  at  the  same  time,  there  are  deposits  ap- 
parently newer,  whicb  contain  the  mastodon,  in  which  those  of  the 
elephant  have  never  been  found.  The  inference  therefore  might  be 
drawn,  that,  although  at  one  time  contemporary,  the  one  was  intro- 
duced earlier,  while  the  other  survived  later. 


2.  Note  on  the  Teeth  op  an  Elephant  discovered  near 
Zanesville,  Ohio.    By  Professor  J.  Wtman,  of  Cambridge. 

Those  who  have  studied  the  remains  of  the  American  mastodon  and 
elephant,  must  have  been  struck  with  the  fact,  that  while  the  bones  of 
the  former,  and  even  many  entire  skeletons,  have  been  brought  to 
light,  in  a  state  of  nearly  complete  preservation,  those  of  the  latter  have 
nearly  all  decayed,  so  that  no  considerable  portion,  such  as  a  limb,  or 
even  an  entire  cranium  has  as  yet  been  described.  We  know  the  ex- 
istence of  the  American  elephant  at  present  almost  entirely  by  the 

(15) 
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teeth  and  trunk  alone,  and  these  have  been  thus  far  so  imperfectly  de- 
scribed that  the  modifications  which  they  undergo  in  the  dental 
series  remain  to  be  determined. 

The  four  remarkably  well  preserved  molars  of  the  American  ele- 
phant or  mammoth,  which  have  been  referred  to  me  by  Mr.  Foster, 
are  important  additions  to  the  discovered  remains  of  these  animals. 
They  were  found  together,  in  apposition,  with  some  fragments  of  a 
cranium,  under  such  circumstances  as  to  leave  no  doubt  that  they  all 
belonged  to  one  and  the  same  individual.  Some  fragments  of  tosks, 
but  no  other  teeth,  were  seen  with  them.  Their  great  size,  and  the 
number  of  laminte,  indicate  that  they  were  ultimate  or  sixth  molars,  80 
that  the  last  members  of  the  dental  series  had  been  brought  into  use. 
A  complete  series  of  ultimate  molars,  from  the  same  individual,  has 
not  been  hitherto  described;  usually  only  single  ones  having  been 
found  at  a  time.  A  conception  of  the  great  size  of  the  Zan^ville 
specimens  may  be  formed  from  the  fact  that  the  aggregate  weight  of 
the  jaw,  in  a  dried  state,  was  fifty-four  pounds. 

The  following  are  the  dimensions  of  the  right  and  left  upper  mo- 
lars:— 

Ri^t.       Left. 


Greatest  length 13^  13^ 

Greatest  height,  when  resting  on  the  grinding  surface  10^  11 

Length  of  grinding  surface 8}  9 

Breadth  of      "  " 4^  4j 

Whole  number  of  laminn 29  90 

Lamina  of  grinding  snrfaoe 18  18 

The  weight  of  the  right  tooth  was  fifteen  pounds,  and  that  of  the  left, 
seventeen  pounds  and  eight  ounces. 

The  whole  number  of  laminss  was  probably  larger  originally,  as 
there  are  indications  that  some  of  them  have  been  ground  out ;  still 
they  are  more  numerous  than  in  any  described  tooth.  The  largest 
number  hitherto  described  is  twenty-six.* 

The  lower  molars  are  longer  and  not  so  high  as  the  upper ;  the 
grinding  surface  is  concave  instead  of  convex  as  above.  It  seems 
probable  from  the  conditions  of  the  teeth,  that  a  portion  of  the  anterior 
extremity  had  been  worn  ofi^,  and  that  the  number  of  plates  may  have 
been  originally  greater. 

*  Owen.    British  Fossil  Mammalia  and  Birds,  p.  225. 
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Bii^t.        Left. 
Inohes.      Inchefl. 


Wliole  length 14j  15 

Length  of  grinding  surface 9  J^ 

Breadth  of       "  " 3}  8j 

Whole  number  of  laminie 24  25 

Laminffi  of  grinding  surface 17  17 

The  weight  of  each  lower  molar  was  eleven  pounds.  Professor 
Owen  has  described  a  specimen,*  larger  than  either  of  these,  it  having 
been  sixteen  inches  long,  and  provided  with  twentj-eigfat  plates. 

The  tusks  I  have  had  no  opportunity  of  examining.  They  were 
seen  by  Mr.  Foster,  who  found  the  longest  fragment  about  eight  feet 
long.  The  extremity  was  gone,  but  from  the  form  and  proportions  of 
the  part  examined,  Mr.  Foster  estimated  the  entire  length  to  be  about 
twelve  feet  The  tusks  were  much  less  covered  than  in  £.  prtrnt- 
genius. 

Is  the  mammoth  of  America  specifically  distinct  from  that  of  the  Old 
World?  Owen  regards  them  as  identical.  Dekay  believes  the 
American  mammoth  to  be  a  distinct  species,  on  the  ground,  that  in  a 
tooth  examined  by  him,  the  number  of  laminae  was  greater  than  in  the 
elephant  of  Europe  or  Siberia.  Thus  far  observations  are  not  suffi- 
ciently extensive  to  determine  this  question.  The  character  derived 
from  the  number  of  laminae  is  not  exact,  since  the  range  of  variation  is 
very  great,  and  the  larger  the  tooth,  the  greater  the  range.  A  cor- 
rect conclusion  can  be  reached  only  by  examining  a  large  number  of 
corresponding  teeth  in  the  mammoths  of  the  Old  World  and  the  New. 
It  is  very  probable  that  the  entire  cranium,  when  it  is  discovered,  will 
serve  to  settle  this  question.  Among  the  Siberia  fossils  described  by 
Falconer  and  Coutley,  the  crania  of  the  different  species  of  elephant 
were  highly  characteristic,  each  species  having  its  own  peculiarities 
strikingly  marked  and  well  defined.  The  theory  of  the  identity  of  the 
species  of  mammoths  of  the  Old  World  and  the  New  is  afforded  by  the 
analogies  of  the  geological  distribution  of  other  Pachyderms.  If  the 
theory  be  correct,  then  we  have  one  and  the  same  species  extend- 
ing through  fifly  degrees  of  latitude,  and  more  than  two  hundred  and 
eighty  degrees  of  longitude ;  in  fact  through  the  whole  habitable  por- 
tion of  the  northern  hemisphere  above  the  twentieth  parallel.     The 

*  Owen.    British  Fossil  Mammalia  and  Birds,  p.  225. 
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mastodons  of  America  are  different  from  those  of  Europe  ;  and  those 
from  South  America  are  different  from  those  of  North  America.  The 
sevree,  the  tapirs^  the  rhinoceros,  the  hkon,  the  ox,  and  the  lion,  found 
fossil  on  this  continent  are  spedficallj  distinct  from  any  of  the  species 
found  in  the  eastern  hemisphere.  The  elephant  of  Africa  constitutes 
a  species  distinct  from  that  of  Asia,  and  the  Sivalic  fauna  shows  the 
coexistence  of  many  species  in  one  and  the  same  geographical  region 
even.  But  there  are  no  facts  which  go  to  show  that  any  of  the  spe- 
cies of  pachyderms  have  so  wide  a  distribution  as  that  assumed  for  the 
E.  primigenitu^  when  it  is  asserted  that  it  is  common  to  the  two  hem- 
ispheres. Under  the  circumstances,  before  asserting  either  the  specific 
identity  or  the  difference  of  the  remains  in  question,  it  is  better  to  wait 
for  further  deyelopments,  which  will,  in  time,  no  doubt,  furnish  the 
necessary  evidence. 


8.  On  a  Batrachian  Reptile  from  the  Coal  Formation.    By 
Professor  Jeffries  Wyman,  of  Cambridge. 

The  remains  described  in  this  connection,  were  recently  discovered 
in  the  coal-fields  of  Ohio,  by  Dr.  J.  S.  Newberry.  Those  which  were 
most  complete  consisted  of  a  nearly  entire  skeleton  of  a  salamandrMd 
animal,  imbedded  in  the  matrix,  and  seen  from  below,  about  five  indies 
in  length,  exclusive  of  the  tail,  which  had  been  broken  off.  The  ver- 
tebral column  between  the  proboscis  and  the  head,  consisted  of  between 
twenty  and  thirty  pieces,  which  were  quite  small,  and  without  any 
indications  of  having  transverse  processes  which  characterize  batra- 
chians,  or  of  ribs.  The  head  was  broader  and  much  more  expanded 
transversely  than  in  salamandroids  or  tathyoids,  and  more  closely  re- 
sembled the  cranium  of  frogs.  As  in  these  last,  the  pterygoids  were 
slender  near  the  median  line,  but  broad  externally,  the  orbits  large^ 
and  the  angles  of  the  jaws  projected  backwards  beyond  the  occiput 
The  head  is  nearly  as  broad  as  long,  and  the  jaws  are  quite  regularly 
arched.  A  few  simple  pointed  teeth  were  visible  in  the  intermaxil- 
laries,  but  there  were  no  indications  that  there  existed  any  pieces  inter- 
posed between  the  lower  jaws  at  the  symphysis,  as  is  the  case  in  frop 
and  toads.     The  bones  of  the  limbs  correspond  with  those  of  urodels, 
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the  humerus  and  femur  being  hollow  at  the  ends,  and  the  bones  of  the 
forearm  remaining  separate  and  movable  on  each  other,  instead  of 
being  consolidated  as  in  Anourous  Batrachians.  The  number  of  toes 
appeared  to  be  five  for  each  foot,  though  there  was  some  uncertaintj 
In  regard  to  those  of  the  fore  foot 

Slight  traces  of  a  scapular  order  were  visible,  but  too  indistinct  to 
indicate  the  anatomical  structure. 

If  it  should  prove  true  that  these  animals  had  five  toes  before  as 
well  as  behind,  the  foot-prints  from  the  coal,  which  have  been  described 
as  having  the  same  number,  would  meet  with  a  satisfactory  explana- 
tion.   No  living  Batrachian  has  more  than  four  toes  before. 

The  indications  in  this  country,  of  the  existence  of  reptiles  during 
the  coal  period,  which  have  been  already  described,  are  the  Cheiro^ 
thercm  foot-prints  discovered  by  Dr.  King ;  those  of  the  Sauropus,  by 
Mr.  Lea,  and  others  discovered  by  Professor  H.  D.  Rogers.  In  addi- 
tion to  these,  may  be  enumerated  the  bones  of  the  Dendrerpeton  ob- 
tained from  the  cavity  of  a  coal  tree,  by  Sir  Charles  Lyell  and  Pro^ 
fessor  Dawson ;  and  the  Bapheles  discovered  by  Mr.  Dawson,  and 
described  by  Professor  Owen. 

A  portion  of  the  remains  of  another  skeleton  was  also  discovered, 
consisting  of  thirteen  vertebrae,  with  the  corresponding  pieces  of  ribs,  all 
of  which  were  of  the  same  size  and  development,  as  is  the  case  with 
those  from  serpent-like  animals.  The  vertebrae  were  nearly  destitute 
of  spinous  processes,  but  the  articulating  processes  were  broad  and  ex- 
panded, and  in  this  respect  bearing  some  resemblance  to  those  of 
menopoma.  The  vertebral  ends  of  the  ribs  were  not  bifurcotal  as  in 
salamanders,  nor  broad  and  expanded,  as  in  some  tathyoids.  No 
transverse  processes  were  visible  on  the  vertebras.  The  ribs  were 
flattened,  of  nearly  equal  breadth  throughout,  distinctly  grooved  on  the 
side,  and  strongly  curved.  In  these  respects  they  differ  very  materi- 
ally from  any  known  Batrachians,  and  more  clearly  resemble  the  ser- 
pents, or  serpent-like  lizards.  The  animal  may  have  been  a  true 
Batrachian  with  ophidian  characters  superadded,  just  as  Lepidosteus  is 
a  true  fish,  with  certain  reptilian  features  developed. 

The  remains  of  the  two  animals  just  described  are  of  great  interest, 
since  they  form  important  additions  to  the  scanty  evidence  already  ex- 
isting of  the  creation  of  air-breathing  animals  as  far  back  as  the  coal 
period. 

(15») 
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L  Remasks  on  a  Specimen  of  Fossil  Wood  fbom  the  Devo- 
nian Rocks,  {Gaspe  Sandstones)  of  Caspe,  Canada  East. 
Bj  J.  W.  Dawson,  Principal  of  the  McGill  College,  MontreaL 

This  specimen  was  discovered  by  Sir  W.  E.  Logan,  in  1844,  in  the 
sandstones  and  shales  near  Brachaut  Baj,  described  in  his  Report  c^ 
progress  for  that  year,  and  containing  carbonized  comminuted  plants, 
and  other  imperfect  vegetable  remains.  These  beds  were  ascertained 
by  Sir  William  to  underlie  unconformably  the  lowest  carboniferous 
rocks,  and  to  form  a  portion  of  the  Devonian  System. 

The  trunk  was  originally  about  four  feet  in  length,  and  several 
large  fragments  of  it  have  been  placed  by  Sir  William  in  the  collection 
of  the  Canadian  Survey.  The  largest  and  best  preserved  of  these  frag- 
ments is  seven  inches  in  length,  and  nine  and  one  half  inches  in  its 
greatest  diameter.  It  is  perfectly  silicified,  with  the  exception  of  a 
thin  coating  of  smooth  coal,  perhaps  representing  the  bark.  The  color 
is  black,  and  the  texture  very  compact,  with  the  exception  of  a  ten- 
dency to  split  into  concentric  layers,  the  surfaces  of  which  are  thinly 
varnished  with  carbonaceous  matter.  These  layers  are  shown  by 
microscopic  examination  to  be  rings  of  annual  growth.  The  thicker 
end  of  the  fossil  has,  like  the  circumference,  a  smooth  carbonaceous 
coating  in  part,  giving  it  the  appearance  of  having  been  the  base  of  the 
stem.  This  may,  however,  be  accidental,  more  especially  as  other  sur- 
faces, evidently  not  external,  have  thin  coaly  films,  perhaps  resulting 
from  bituminous  infiltration. 

The  cross  section  exhibits  a  well  preserved  and  uniform  cellular 
tissue.  The  cells  are  almost  perfectly  circular,  not  crowded,  and  im- 
bedded in  a  semi-transparent  silicious  paste  without  structure.  Tlie 
limits  of  the  rings  of  growth  are  well  defined,  being  marked  by  cells 
of  smaller  diameter  and  more  irregularly  distributed  than  the  others. 
The  medullary  rays  are  indicated  by  a  few  radiating  cracks  filled  with 
silicious  matter  without  structure,  and  by  a  slight  tendency  to  a  radiat- 
ing arrangement  of  the  cells.  The  growth  rings,  where  best  pre- 
served, are  about  a  line  in  average  breadth.     (Figs.  1,  2,  3). 
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Fo$$il  Wood  from  Devonian  Syttem,  Gatpi,  Canada  Eatt. 
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1.  Transvene  slice,  60  diameters,  (a)  growth  line,  (h)  medallary  ray. 

2.  "  "    300        "  in  middle  of  growth  ring. 

3.  "  **    300        "        (a)  outer  margin  of  growth  ring. 

4.  Longitudinal  section  in  direction  of  medallary  rays. 

In  the  longitudinal  section^  parallel  to  the  medullary  rays,  the  cells 
are  seen  to  be  much  elongated  and  to  terminate  in  conical  points. 
Under  a  high  power,  thej  show  traces  of  transverse  and  diagonal  fibres, 
sometimes  decussating.  No  medullary  rays  nor  disc  structures  are 
visible.     (Fig.  4.) 

At  first  sight  the  transverse  section  resembles  the  outer  cellular  cyl- 
inder of  Lepidodendron,  or  of  some  Lycopodia;  but  the  apparent  uni- 
formity of  the  tissue  throughout  the  trunk,  the  rings  of  annual  growth, 
and  the   character  of  the  longitudinal  section,  point  to  the  conifers. 
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The  absence  of  disc  structure  from  a  tissue  so  well  preserved,  weighs 
against  this ;  but  Professor  Gray  has  observed*  that,  in  the  Ameri- 
can Yew,  where  there  are  few  discs,  delicate  spiral  markings  like  those 
in  the  present  fossil  appear  in  their  place.  The  young  wood  of  some 
recent  conifers,  as,  for  example  the  Chili  Pine,  gives  in  the  cross  sec- 
tion a  tissue  approaching  in  the  roundness  and  separation  of  the  c^ 
openings  to  the  present  specimen.  The  fragment  of  fossil  wood  from 
the  Devonian  Rocks  of  Cromartj,  figured  by  Miller,  does  not  very 
closely  resemble  that  from  Gasp^ ;  but  it  has  been  too  mucb  com- 
pressed to  admit  of  satisfactory  comparison. 

On  the  whole,  it  seems  probable  that  this  ancient  tree  was  a  coni- 
fer or  closely  allied  to  the  conifers ;  though  in  so  far  as  my  knowl- 
edge and  means  of  reference  extend,  it  differs  materially  from  any  pre- 
viously observed  form. 

Note.  —  Since  this  paper  was  read,  I  have  observed  in  Marchison's  Siloria,  page 
358,  a  quotation  from  a  letter  of  Professor  Unger,  referring  to  fossil  plants  from  dio 
Devonian  *'  cypridina  schists  "  of  Saalfield,  in  Meiningcn.  Among  these  are  tome 
which  seem  to  be  primitive  forms  of  cycads  and  conifers,  possessing  chancters  of 
which,  says  the  Professor,  no  one  has  yet  had  any  idea ;  and  some  present  sach  a 
singular  organization  that  he  terms  them  the  ''prototypes  of  the  Gymnosperms."  It 
is  quite  probable  that  among  the  plants  thus  characterized  there  may  be  forms  sim- 
ilar to  the  Gasp^  fossil. 


5.  Observations  ox  the  qenus  Archimedes,  or  FEiCBSTSLLAy 
WITH  Descriptions  of  Species,  etc.  By  Professor  James 
Hall,  of  Albany. 

The  term  "  Archimedes  *'  has  long  been  in  use  among  American 
geologists ;  and  is  the  generic  name  given  by  Le  Sueur  to  a  Bryozoan 
composed  of  broad,  reticulate  expansions,  which  are  spirally  arranged 
around  an  elongated  axis,  or  stem.  The  axis  is  solid,  or  irregularly  ceUa- 
lar  in  its  interior  structure ;  the  expanded  portions  have  the  general 
character  of  Fenestella  upon  the  lower  or  external  side,  while  the  u^per 

*  Botanical  Text-Book,  fourth  edition,  page  46. 
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and  inner  side  is  in  like  manner  cellulifterous.  The  cellules  are  cylindri- 
eal,  with  circular  or  sub-circular  mouths,  arranged  along  the  branches  in 
two  or  more  rows  ;  branches  rounded  or  angular  above,  connected  by 
transverse  processes,  leaving  oval  or  sub-quadrangular  interstices. 

In  all  the  essential  characters,  the  foliate  expansions  of  Archimedes 
corresponds  to  FenesteUay  according  to  the  extended  description  of  this 
genus  by  Mr.  Lonsdale ;  and  in  detached  fragments  cannot  be  disdn- 
gaished  generically  from  other  forms  of  the  same  genus.  Some  of  the 
species  have  more  than  a  double  row  of  cells  on  the  branches,  and 
correspond  to  the  genus  Po^fpara  of  McCoy,  but,  nevertheless,  that 
duuracter  is  found  in  true  Fenestella,  according  to  the  description  above 
cited. 

The  mode  of  growth,  therefore,  constitutes  the  only  reliable  charac- 
ter for  separating  Archimedes  from  Fenestella  ;  and  should  this  charac- 
ter be  hereafter  considered  of  sufficient  importance,  I  propose  to  retain 
Le  Sueur's  original  name  "Archimedes." 

Dr.  D.  D.  Owen  has  several  times  alluded  to  the  "  Archimedes  "  in 
his  various  Reports ;  and  in  a  paper  published  in  the  American  Journal 
of  Science  and  Arts,  vol.  43,  p.  19,  he  gives  a  figure  of  one  of  the 
species  as  the  "  Archimedes  of  Le  Sueur,"  but  suggests  that  "  it  may 
be  only  a  new  species  of  Retchporea." 

This  figure  of  Dr.  Owen  is  of  a  large  species  ;  but  being  merely  the 
spiral  axis,  furnishes  no  characters  for  specific  identification.  It  retains 
the  thickened  base  of  the  foliate  expansion,  and  where  this  is  broken 
through  presents  the  irregularly  cellular  structure,  common  to  the  axis  of 
all  the  species.  This  structural  character,  or  the  remains  of  fenestrules 
on  the  edges  of  the  spire,  as  seen  in  Dr.  Owen's  figure,  have  been  mis- 
taken by  M.  D'Orbigny  for  the  animal  cells ;  and  upon  this  character 
be  proposes  a  new  genus  "  Archimedtpora,**  having  the  cells  arranged 
upon  the  salient  angles  of  the  spiral  band,  and  places  the  fossil  in  the 
Devonian  System.  No  such  fossil  is  known  to  occur  in  the  Devonian 
System  in  this  country.  His  description  is,  "  cellules  longues,  plac^es 
aux  saillant  d'une  spirale,  autour  d'unetige  allong^e."  It  is  quite 
unnecessary  to  say  that  the  Archimedes  of  the  carboniferous  limestones 
exhibit  no  characters  corresponding  to  this  description ;  and  the  pale- 
ontologists of  our  country  who  are  disposed  to  adopt  the  name  of 
"  Archimedipora  "  will  do  well  to  compare  the  generic  characters  given 
by  M.  jyOrbigny  with  the  fossil  itself. 
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Below  are  given  some  of  the  characters  of  a  few  species  known  to 
me  at  the  present  time.  These  are  given  here  for  the  purpose  of  call- 
ing the  attention  of  geologists  and  collectors  to  these  fossils,  with  a  h<^ 
that  they  may  prove  useful  in  the  identification  of  strata,  and  that 
materials  may  be  obtained  for  a  more  complete  illustration  of  this 
peculiar  group  of  Fenestelitda. 

Fenestella  {Archimedes)  Owenana.  Axis  slender,  the  spire 
rapidly  ascending ;  branches  rounded  and  sub-angular  on  the  cellnlif- 
erous  side ;  cells  in  two  rows,  one  on  each  side  of  the  branches ;  con- 
necting processes  slender,  and  rather  distant. 

In  the  Keokuk  limestone,  Keokuk,  Iowa,  and  at  Appanoose, 
Illinois. 

Fenestella  (Archimedes)  Wortheni.  Axis  strong,  robust, 
having  a  little  more  than  three  turns  of  the  spiral  to  an  inch,  where 
the  axis  is  one  fourth  inch  in  diameter ;  expanded  portion  with  small 
oval  fenestrules,  and  strong,  closely  arranged  connecting  processes. 
Branches  rounded  on  the  celluliferous  side,  with  a  faint,  sharp,  mean- 
dering ridge  down  the  middle,  which  is  sometimes  thickened  ;  rows  of 
cells  two  or  more.     Cells  sometimes  occur  on  the  connecting  processes. 

In  the  Warsaw  limestone,  Warsaw,  Illinois. 

Fenestella  (Archimedes)  Swallovana.  Axis  slender,  &a€^j 
striated ;  spiral  rapidly  ascending,  about  six  turns  in  an  inch,  where 
the  axis  is  one  eighth  inch  in  diameter;  branches  comparatiyely 
strong,  rounded  below,  sub-angular  above ;  connecting  processes  slen- 
der ;  cells  in  two  rows  near  the  base,  —  outer  ones  unknown. 

In  the  limestones  of  Kaskaskia  and  Chester,  Illinois,  and  Crittenden 
county,  Kentucky. 

Fenestella  (Archimedes)  Meekana.  Axis  slender,  dextral,  rap- 
idly ascending;  making  five  revolutions  of  the  spiral  in  an  inch,  where 
the  diameter  is  one  sixteenth  of  an  inch ;  fenestrules  oval  or  oblong ; 
cells  in  two  rows,  there  being  two  on  each  side  of  the  branch  in  the 
space  of  each  fenestrule,  and  rarely  another  at  the  junction  of  the  con- 
necting process  with  the  branch. 

This  species  is  much  more  slender  than  either  of  the  preceding,  and 
is  readily  distinguished  by  the  rapidly  ascending  spiro. 

In  the  Kaskaskia  limestone,  Chester,  Illinois. 

Fenestella  (Archimedes)  laxa.  Axis  very  slender,  sinistral, 
rapidly  ascending,  making  one  revolution  in  an  inch ;  fenestrules  oblong- 
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OTal  or  subqnadrangular ;  cells  in  two  rows,  closely  arranged;  aper- 
tares  elevated ;  axis  and  exterior  of  branches  finely  striated. 

In  the  E^askaskia  limestone,  Chester,  Illinois. 

There  are  other  species,  of  which  I  have  fragments  too  imperfect 
for  a  satisfactory  determination.  The  direction  of  the  spiral  axis  may 
be  either  dextral  or  sinestral,  in  different  species,  and  we  have  evidence 
that  this  character  differs  in  the  same  species,  and  in  the  same  indi- 
vidual. 

There  are,  likewise,  other  forms  of  Fenestella  in  the  Easkaskia 
Hmestone,  in  which  the  reticulate  expansion  is  arranged  between  the 
branches  of  a  strong  stem,  which  bifurcates  from  the  base :  and  others 
in  which  this  thickened  portion,  corresponding  to  the  axis  of  those 
above  described,  occurs  only  on  one  side.  Were  the  axis,  or  strong 
support,  to  give  the  character,  these  species  would  constitute  a  group 
equally  distinct,  as  Archimedes,  from  the  usual  forms  of  Fenestella, 
and  which  might  be  designated  under  the  name  of  Ltropora,  pos- 
sessing the  following  characters. 

Bryozoum  consisting  of  foliate  reticulated  expansions,  margined  on 
either  side  by  strong  stony  supports  which  diverge  from  the  base,  curv- 
ing outwards  and  upwards.  The  foliate  expansion  is  spread  out  be- 
tween these  diverging  arms,  which  are  themselves  formed  by  the 
coalescing  and  thickening  of  the  branches. 

The  growth  of  these  stony  supports  is  sometimes  direct,  or  in  a  line 
parallel  with  the  point  of  attachment ;  and  in  other  species  there  is 
first  a  receding  of  the  whole  from  that  point,  an  extreme  thickening  of 
the  support  on  one  side,  and  a  gradual  narrowing  to  the  opposite  mar- 
gin where  the  branches  originate.* 

Fekestella  {Lyropora)  Lyra.  Bryozoum  composed  of  strong, 
solid,  or  stony  support  which  bifurcates  from  a  slender  base,  and,  curv- 
ing at  first  abruptly  outward  and  upwards,  continues  gradually  diverging 
above ;  the  space  between  the  two  branches  occupied  by  a  reticulate 
expansion,  consisting  of  strong  diverging  branches  and  more  slender 
connecting  processes,  leaving  small  oval  or  round-oval  interstices ;  sur- 
faces of  branches  rounded,  marked  by  four  or  five  rows  of  cells. 

*  These  bifarcatiDg  processes,  with  the  point  of  attachment,  resemble  the  lower  jaw 
of  the  common  frog,  and  are  known  along  the  Mississippi  rallej  as  the  "  Frog- 
mouth  coral." 
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In  the  Kaskaskia  limestiMie,  Chester  and  Kaakaakia,  lUmois. 

Fenestella  {Lyropora)  quinccncialis.  Base  strong,  broadlj 
rounded,  point  of  attachment  obtuse ;  fenestrules  on  the  non-poriferous 
side  nearly  round,  on  the  poriferous  side  subquadrangnlar ;  brandies 
slender,  divergent,  and  biiiircating,  on  the  celluliferons  side  rounded, 
with  an  irregular  double  row  of  cellules,  and  sometimes  only  a  simple 
row  on  the  centre  of  the  branch. 

The  cellules  are  usually  arranged  one  on  each  side  of  the  branch  in 
the  middle  of  the  fenestrule,  and  one  on  each  side  at  the  junctioo  of  the 
connecting  process,  which  are  more  conspicuous  than  the  others ;  thus 
giving  one  more  conspicuous  cellule  in  each  angle  of  the  fenestrole. 
This  arrangement,  and  the  oblique  direction  of  the  branches,  give  a 
beautiful  quincunx  arrangement  to  both  cellules  and  fenestrules. 

Fenestella  {Lyropora)  subquadrans.  Bryozoum,  with  the 
lateral  supports  nearly  direct  from  the  base,  diverging  at  an  angle  of 
more  than  80^;  foliate  expansion  extending  beyond  the  lateral  pro- 
cesses'; branches  somewhat  strong  and  rounded  on  the  non-poriferous 
side ;  connecting  processes  short ;  branches  on  the  poriferous  side  flat- 
tened, with  the  pores  somewhat  irregularly  distributed  in  four  rows ; 
fenestrules  on  the  non-poriferous  side  somewhat  oblong-oval,  or  sub- 
quadrangular  ;  fenestrules  on  the  poriferous  side  oval,  smaller  than  on 
the  non-poriferous  side. 

In  the  Kaskaskia  limestone,  Chester,  Illinois. 


6.  On  the  Relations  op  the  Fossil  Fishes  of  the  Sakdstokb 
OP  Connecticut,  and  other  Atlantic  States,  to  the 
LiAssic  AND  Jurassic  Periods.  By  W.  C.  Redfield,  of 
New  York. 

In  the  publications  of  Professor  W.  B.  Rogers,  and  Mr.  E.  Hitch- 
cock, Jr.,  on  the  red  sandstone  formations  of  Connecticut,  New  Jersey, 
and  other  States,  founded  on  some  of  their  contained  fossils,  a  higher 
geological  position  than  that  of  the  new  red  sandstone  has  been  as- 
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Signed  by  these  writers.*  Without  questioning  their  conclusions,  I 
would  state  that  we  consider  the  fossil  fishes  of  these  rocks  as  the  most 
characteristic  and  reliable  fossils  for  determining  the  age  of  the  forma- 
tion. The  determinative  value  of  these  fossils  is  perhaps  enhanced, 
also,  by  the  small  vertical  range  to  which  some  of  the  species,  and  at 
least  one  of  the  genera,  are  probably  limited.  But  these  fishes,  al- 
though numerous,  as  well  as  characteristic,  do  not  appear  to  have 
been  referred  to,  in  any  manner,  by  the  above-named  writers. 

Attention  is  invited,  therefore,  to  a  descriptive  account  of  one  genus 
or  group  of  these  fishes,  which  was  read  to  the  New  York  Lyceum  of 
Natural  History,  in  December,  1836,  by  Mr.  John  H.  Redfield,  and 
is  found  in  Vol.  IV.  of  the  Annals  of  that  Society.     It  was  founded 

♦  Professor  W.  B.  Rogers,  on  the  age  of  the  coal  rocks  of  Eastern  Virginia. 
Am.  Jour,  of  Science,  Vol.  XLIII.  p.  175,  (1842).  Also,  in  Proceedings  of  the 
Boston  Society  of  Natural  History,  Vol.  V.  p.  14,  (1854),  E.  Ilitchcock,  Jr., 
M.  />.,  in  Am.  Jour,  of  Science,  Vol.  XX.  (N.  S.),  p.  22,  (1855). 

Professor  Rogers  first  assigns  to  the  coal  rocks  of  Eastern  Virginia  a  position 
near  the  bottom  of  the  oolite  formation  of  Europe,  while  from  some  fossils  "  dis- 
covered in  a  particular  division  of  the  new  red  sandstone  of  Virginia,"  he  expects 
to  be  able  confidently  to  announce  the  "  existence  of  beds  corresponding  to  the 
Keuper  in  Europe ;  **  doubtless  in  the  extensions  of  the  New  Jersey  Sandstones  or 
Newark  Grmtp.  I  propose  the  latter  designation  as  a  convenient  name  for  these 
rocks,  and  those  of  the  Connecticut  Valley,  with  which  they  are  thoroughly  identi- 
fied by  footprints  and  other  fossils,  and  I  would  include  also,  the  contemporaneous 
sandstones  of  Virginia  and  North  Carolina. 

At  a  later  period,  (1854,)  Professor  Rogers  recognizes  the  general  equivalency 
of  the  Eastern  and  Middle  Belts  of  Vii^^inia,  and  the  Eastern  or  Deep  River  Coal 
Belt  of  North  Carolina,  all  of  which,  in  his  view,  ought  to  be  placed  in  the  Jurassic 
leries,  not  far  probably  above  its  base.  In  relation  to  the  more  western  belt,  the 
occurrence  of  Pom'donicB  and  CypridiB,  in  Pennsylvania,  with  sanroid  coprolitcs  and 
imperfect  impressions  of  leaves  of  Zaraites,  he  considers  as  sufficient  to  identify,  as  one 
formation,  the  disconnected  tracts  of  this  belt  in  North  Carolina  and  Vii^nia,  and 
the  prolonged  area  of  the  so-called  New  Red  Sandstone  of  Maryland,  Pennsylvania, 
and  New  Jersey ;  and  that  they  are  of  Jurassic  date,  but  little  anterior  to  the  coal 
rocks  of  Eastern  Virginia. 

Professor  H.  D.  Rogers  (1839)  proposed  the  name  of  Middle  Secondary  to  this 
group  (for  convenience*  sake),  to  distinguish  it  from  the  Appalachian  formations  on 
the  one, hand,  and  from  the  green  sand  deposits  on  the  other. —  Third  Report  on 
Gtciogy  of  Pennsi/lvania,  p.  12. 

Mr.  Hitchcock  describes  a  new  species  of  Clathopteris  discovered  in  the  sandstone 
of  the  Connecticut  Valley.  This  fossil  fern,  found  near  the  middle  of  the  series  in 
Hastachasetts,  he  refers  to  the  Liassic  period. 

(16) 
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upon  a  careful  comparison  of  the  genus  CcUopterus  with  the  fossil 
fishes  of  different  formations  in  Europe,  as  these  are  portrayed  in  the 
great  work  of  Professor  Agassiz,  then  recently  received.  Such  po^ 
tions  of  the  description  and  observations  then  made  as  relate  directljto 
the  geological  age  of  the  formation  will  now  be  quoted. 

Of  the  genus  CcUoptertts,  species  C.  graciUi,  he  says :  "  Tail  forked, 
equilobed ;  scales  extending  a  little  upon  the  base  of  the  upper  lobe." 
And  in  regard  to  the  equilobed  tail,  he  adds,  in  a  subjoined  note: 
"  This  indeed  is  not  strictly  the  case.  Its  structure,  however,  is  analo- 
gous to  that  of  the  Semionotus^  ranked  by  Agassiz  among  the  Hmo- 
cercif  and  differs  most  decidedly  from  that  of  the  true  Beterocerei, 
where  the  scales,  and  probably  the  vertebrae,  extend  to  the  extreme 
point  of  the  upper  lobe."     He  adds :  — 

**  In  the  arrangement  of  Agassiz,  this  fish  would  be  compreheiided 
in  the  order  GanoideSj  and  family  Leptdoides.  Its  equilobed  taQ 
would  assign  it  to  the  second  division  of  the  family,  the  Homocerciy  as 
he  has  termed  them.  From  seven  fusiform  genera  now  arranged  in 
this  division,  it  is  entirely  excluded  by  the  posterior  position  of  its 
dorsal.  It  may  therefore  be  ranked  between  the  genera  Semionatn 
and  PhoUdophoms,  being  analogous  to  both  in  the  structure  of  the 
tail,  and  in  its  serrated  fins,  and  to  the  latter,  in  the  articulation  of  the 
rays.  From  the  situation  of  the  dorsal  fin,  I  have  thought  the  name 
CcUopterus  to  be  applicable  to  this  new  genus."  —  Annals  Lye,  Not. 
Hist  Vol.  IV.  pp.  88  and  39. 

Nearly  twenty  years  have  elapsed  since  the  promulgation  of  these 
careful  and  apparently  conclusive  observations,  which  do  not  appear 
to  have  been  weakened  or  set  aside  by  any  subsequent  researches.  It 
is  proper  to  state  that  the  two  analogous  genera  above  mentioned,  are 
found  in  the  oolitic  series  as  well  as  in  the  lias,  and  it  is  believed  dot 
few  or  none  of  the  kindred  genera  have  a  lower  range.*     The  above 

*  A  single  case  of  semi-heterocercal  stracture  as  occurring  in  the  coal  locb  d 
Antnn  in  France,  was  mentioned  to  us  by  Professor  Agas^i^,  in  1846.  As  we  lem 
nothing  more  of  its  appearance  in  the  palaeozoic  series,  may  there  not  poesitij  be 
an  error  as  regards  the  authenticity  or  position  of  this  fish  ?  If  otherwise,  it  doei 
not  seem  to  have  appeared  again  until  after  the  Permian  period.  On  the  otbflr 
hand,  it  appears  to  be  admitted  that  the  true  heterocerques,  of  the  Palseoniscns  type, 
do  not  appear  above  the  Trias,  and  I  think  they  are  not  found  above  the  Penman. 

It  should  be  noted  that  Sir  P.  Egerton  has  described  a  most  singular  fish  fitn 
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observations  afford  at  least  sufficient  warrant  for  the  cautious,  and  per- 
haps too  limited  inferences  with  which  Mr.  Redfield's  paper  in  the 
Annab  is  concluded,  namelj :  — 

"  It  has  of  late  years  been  generally  admitted  that  the  sandstone 
from  which  these  fishes  are  derived  is  of  much  later  date  than  the 
old  red  sandstone,  to  which  it  was  once  referred,  and  these  remains 
confirm  this  belief.  The  Pakeonisct  of  Europe  (true  heterocerques), 
have  never  been  found  below  the  coal-measures,  while  they  extend 
upward  to  the  copper  slate  of  the  Zechstein  or  magnesian  limestone. 
In  the  case  before  us,  we  find  a  species  of  Palaeoniscus  (Ischjpterus) 
accompanied  by  a  fish,  the  structure  of  whose  tail  approaches  that  of 
the  PholidophoruSj  and  of  other  fishes  never  found  below  the  lias. 
This  fact  would  seem  to  imply  for  this  formation,  even  a  higher  situa- 
tion in  the  series  than  that  which  is  now  assigned  it  by  geologists." 
—  Annals,  etc.  p.  40. 

The  American  Association  of  Geologists  and  Naturalists  at  the 
meeting  held  in  Albany,  in  April,  1843,  requested  Mr.  John  II.  Red- 
field  to  prepare  a  report  on  the  fossil  fishes  of  the  United  States.  His 
report  was  presented  to  the  Association  at  New  Haven  in  May,  1845. 
It  was  withheld  from  publication  by  its  author  on  account  of  the  ex- 
pected visit  of  Professor  Agassiz  to  this  country,  and  with  a  view  of 
commending  the  whole  subject  to  his  examination.  In  the  review  of 
the  fishes  of  our  new  red  sandstone,  so  called,  the  report  stated  as 
follows :  — 

"  New  Red  Sandstone.  —  Under  this  term  I  include  the  exten- 
sive sandstone  formation  of  the  Connecticut  River  Valley ;  the  small 
and  isolated  basin  on  the  Pomperaug  River,  near  Southbury,  Ck>nn. ; 
the  New  Jersey  sandstone,  extending  from  the  border  of  the  Hudson 
River  south-westerly,  to  the  interior  of  Virginia ;  and,  also,  the  form- 
ation known  as  the  Coal  Rocks  of  Eastern  Virginia.*'  —  Report,  p.  4. 

the  upper  strata  of  the  new  red,  of  a  genas  hitherto  unknown,  which  has  bat  little 
irregularity  in  the  structure  of  its  caudal  base.  This  fish,  the  Dipteronotus  cyphus, 
Eg.  is  rery  short  and  broad,  with  a  double  dorsal,  and  is  altogether  so  unique  in  its 
diaracter,  that  its  occurrence  may  be  deemed  to  affect  but  little  the  chronologic  in- 
ferences which  are  drawn  from  the  varied  structure  of  the  numerous  genera  and 
species  of  the  Lepidoid  family.  —  See  Geological  Journal ,  1864,  p.  869 :  Wtth  a 
figurt.  —  W.  C.  R. 
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^'All  the  fishes  hitherto  found  in  these  rocks  belong  to  the  order 
GanoidcBj  and  to  the  family  Lepidoidce.^^  —  Report,  p.  5. 

"  Professor  Agassiz  has  made  two  subdivisions  in  this,  as  in  other 
families  of  the  order  GanoiddSy  founded  on  differences  in  the  structure  of 
the  tail.  In  the  first  of  these,  {Ileierocerci,)  the  upper  lobe  of  the  tail 
is  vertebrated,  and  is  usually  longer  than  the  lower,  and  the  scales  of 
the  body  extend  upon  the  upper  lobe  nearly  or  quite  to  its  extremity. 
The  other  division,  the  homocerci,  have  the  tail  regular,  either  forked 
or  rounded,  and  the  scales  do  not  extend  upon  the  upper  lobe ;  though 
in  some  genera  they  are  slightly  prolonged  in  that  direction.  The 
fishes  of  our  sandstone  formations  above  mentioned  would  seem  to  be- 
long to  the  first  of  these  divisions,  or  those  with  heterocercal  taik. 
They  do  not,  however,  exhibit  this  structure  in  the  same  degree  which 
obtains  in  the  fishes  of  the  older  European  rocks,  or  even  in  those  of 
the  new  red  sandstone  or  magnesian  limestone  of  England  and  Ger- 
many. The  only  two  genera  which  have  yet  been  found  in  our  rocks 
differ  somewhat  from  each  other  also  in  the  degree  of  heterocercal 
structure  which  they  present ;  those  species  which,  following  Professor 
Agassiz,  in  P.fulius,  I  have  allotted  to  the  genus  Palceoniscvis,  having 
the  heterocercal  structure  more  decided.  But  even  in  these,  the  tail 
has  a  different  aspect  from  the  PalcBomsci  of  Europe.  In  the  latter, 
the  upper  lobe  of  the  tail  seems  hardly  to  partake  of  the  character  of 
a  fin,  and  the  lower  lobe  appears  to  be  only  a  fin  like  appendage  of  the 
upper,  like  a  second  anal  fin,  while  the  scales,  and  no  doubt  the  verte- 
brae, extend  to  the  extreme  point  of  the  upper  lobe." 

"  The  other  genus,  the  Oatopterus  of  our  rocks,  exhibits  the  hetero- 
cercal structure  in  a  still  more  modified  degree.  So  nearly  does  it  ap- 
proach in  this  respect  some  genera  classed  as  homocercal  fishes,  such  as 
Semionoius  and  PholidophomSy  that  in  an  early  memoir  published  in 
the  Annals  of  the  Lyceum  of  Natural  History,  Vol.  VI.,  I  was  led  to 
rank  it  in  that  division,  subject  to  a  qualifying  note.  Its  relations  are, 
however,  rather  to  the -heterocercal  fishes,  or,  perhaps,  to  an  interme- 
diate group. 

"  This  point  is  an  important  one  in  its  bearing  upon  geological  ques- 
tions, for  it  is  now  well  ascertained  that  the  true  heterocercal  tail  [in 
the  Lepidoids]  is  peculiar  to  the  palaeozoic,  and  lower  mesozoic  rocks, 
no  fish  of  that  character  having  been  found  higher  in  the  series  than  the 
triassic  rocks,  while  the  true  [strict]  homocercal  tail  does  not  occur 
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below  the  lias.  When,  therefore,  we  find  in  the  fishes  of  our  sand- 
stone rocks,  a  structure  which  seems  to  be  intermediate  between  the 
true  homocercal  and  the  heterocercal  divisions  of  Agassi z,  the  conclu- 
sion seems  irresistible,  that  the  including  rock  cannot  be  older  than  the 
triassic,  while  it  must  be  placed  at  least  as  low  in  the  series  as  the  lias 
or  oolite." —  Report^  pp.  5,  6. 

**  Only  four  species  of  the  genus  Catopterus  are  yet  known ;  three 
of  which  are  found  in  the  red  sandstone  of  New  England  and  New 
Jersey,  and  the  fourth  in  the  coal  rocks  of  Eastern  Virginia."* — Rc" 
port,  p.  7. 

His  descriptions  of  these  four  species  of  Catopterus  are  found  in 
the  Report,  and  were  then  prior  to  any  known  notice  or  description  of 
these  fishes,  other  than  our  own.  These  descriptions,  together  with  those 
of  the  more  numerous  species  of  the  genus  Ischypterus,  are  yet  withheld 
from  publication,  on  account  of  the  contemplated  arrangements  for  com. 
pleting  a  monograph  of  the  fishes  of  this  formation  in  the  United  States* 

I  have  thus  shown  the  examinations  and  conclusions  of  Mr.  J.  H. 
Redfield  on  these  fishes,  as  first  published  in  1887,  and  as  found  in  his 
Report  to  the  American  Association,  in  1845.  In  the  first  of  these,  he 
points  out  the  age  of  the  containing  rocks,  and  within  the  same  limits 
that  now  appear  to  result  from  all  the  subsequent  researches. 

At  the  meeting  of  this  Association  held  in  Cincinnati,  in  April,  1851, 
the  present  writer  made  a  communication  on  the  Post-Permian  charac- 
ter of  the  Red  Sandstone  rocks  of  Connecticut  and  New  Jersey,  as 
shown  by  various  fossils.  I  then  exhibited,  together  with  two  species 
of  Voltzta,  some  specimens  of  the  genus  Catopterus  from  these  rocks, 
showing  the  homology  of  their  caudal  structure  with  that  of  the  Ca- 
topterus  macrurus  from  the  coal  rocks  of  Eastern  Virginia.  This  was 
induced  in  part  by  the  fact  that  Sir  Philip  Egerton,  in  a  paper  of  Sir 
Charles  Lyell,  in  the  third  volume  of  the  Journal  of  the  Geological 
Society,  had  separated  this  Virginia  species  from  its  congeners  in  the 
New  Jersey  and  Connecticut  rocks,  on  the  ground  that  the  former  be- 
longed to  the  homocercal,  and  the  latter  to  the  heterocercal  divisions 
of  Professor  Agassiz.t 

•  Others  have  since  been  obuined. 

t  Sir  Charles  Ljell  On  the  Structure  and  Probalie  Age  of  the  Coal-Fields  of  the 
James  River,  near  Richmond,  Virginia.  Jooraal  of  the  Qeological  Society,  Vol.  Ill, 
1847,  from  pages  275  to  278. 

(16») 
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Previous,  however,  to  this  publication  of  Sir  Charles,  repeated  and 
careful  examinations,  with  Professor  Agassiz,  of  the  numerous  species 
of  Catopterus  in  my  possession,  collected  from  the  localities  of  the 
three  different  States,  had  appeared  to  establish  fully  their  similarity,  in 
respect  to  the  caudal  structure.  Also,  that  the  Catopteri  of  all  the  locaH- 
ties,  including  Virginia,  might  continue  to  be  referred  to  tlie  homocerei, 
as  in  the  case  of  some  European  genera,  or  that,  more  properly  both 
they  and  the  other  fishes  of  these  rocks,  might  be  referred  to  a  distinct 
and  intermediate  division,  which  is  ^wi-heterocercal  in  its  character,  if 
I  may  so  speak.  I,  therefore,  reclaim  the  Dictyopyge  of  Sir  Philip 
Egerton,  founded  on  my  species,  C,  macrurus,  as  still  belonging  to  the 
genus  Catopterus.  I  refer  to  this  matter  on  the  present  occasion  on 
account  of  the  important  relation  which  it  has  to  the  geological  age  of 
these  fishes,  as  found  in  the  several  States. 

I  may  add  in  further  explanation,  that  Sir  Charles  Lyell,  in  the 
paper  referred  to,  states  that  "  the  genus  Catopterus  was  instituted  by 
Mr.  Redfield  for  certain  species  of  heterocercal  fish  from  the  Connecti- 
cut red  sandstone."  He  seems  not  to  have  noticed  that  the  c^enus  was 
instituted  by  Mr.  J.  H.  Redfield,  in  1836,  for  a  homocerccd  fish,  accord- 
ing to  the  analogies  afforded  in  the  Poissons  Fossiles  of  Agassiz;  and 
he  probably  alluded  only  to  my  own  later  notices  in  Silliman's  Journal, 
1841,  Vol.  XLI.  p.  27.  All  the  fishes  obtained  by  him  from  the  sand- 
stone of  the  Connecticut  River  are  also  pronounced  heterocercal,  while 
the  Virginia  fish  is  stated  to  be  homocercal ;  and  this  is  supported  by 
the  opinions  of  Professor  Agassiz,  as  given  on  first  seeing  specimeos 
of  these  fishes  in  Europe.  Based  on  this  designation,  Sir  Philip  Eger- 
ton proposed  his  new  genus  Dictyopyge  for  the  (7.  macrurus  of  the 
Virginia  rocks. 

In  regard  to  the  other  fishes  of  New  England  and  New  Jersey,  Mr. 
J.  H.  R.  had  reluctantly  followed  the  work  of  Professor  Agassiz  in 
assigning  them  to  the  genus  PaUeoniscus,  although  this  eminent  nat- 
uralist had  then  only  seen  two  imperfect  specimens ;  but  Mr.  R-  then 
alluded  to  their  structural  affinity  with  the  liassic  fishes,  as  we  have 
seen  in  his  concluding  paragraph  already  quoted,  and  impliedly  in  the 
descriptive  portion  of  his  paper.  In  my  own  notices,  of  1841,  referred 
to  above,  I  suggested  that  their  less  heterocercal  form,  and  the  pecu- 
liar structure  of  their  fins  warrant  their  being  placed  in  a  separate 
genus.     Sir  Philip  Egerton  recognizes  the  division,  as  did  Professor 
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Agassiz  in  1846,  and  Sir  Philip  proposes  for  the  new  genus  the  name 
Isehypterus, 

The  question  to  which  of  the  divisions  of  Agassiz,  the  Catoptenis 
of  Connecticut,  and  this  fish  of  Virginia  belong,  is  simply  one  of  degree. 
Even  if  we  were  to  admit  a  slight  difference  in  this  case,  it  could  hardly 
imply  the  wide  separation  which  has  been  claimed.  Such  a  marked  di- 
vision founded  on  the  structure  of  the  tail  cannot  depend  on  the  use  of  a 
term,  however  authorized,  and  must  be  decided  by  the  fishes  themselves. 

In  regard  to  this  point  of  distinction,  may  I  not  quote  the  matured 
views  of  Sir  Philip  Egerton,  so  well  expressed  in  the  Journal  of  the 
Geological  Society,  1854,  p.  368 :  "  Although  this  character,  derived 
from  the  organization  of  the  caudal  fin,  is  one  of  great  value  and  sig- 
nificance in  the  determination  of  various  genera  of  fossil  fishes ;  it  is, 
nevertheless,  necessary,  in  drawing  general  conclusions,  to  be  careful 
not  to  assign  to  it  more  importance  than  it  is  strictly  entitled  to ;  for 
we  find,  by  the  comparison  of  several  genera,  that  it  is  not  one  of  those 
well-defined  trenchant  characters  which  can  be  affirmed  to  exist  or 
not,  as  the  case  may  be,  but  that  it  is  variable  in  amount,  passing  from 
extreme  heterocercy  to  absolute  homocercy  by  a  sliding-scale  so  grad- 
ual, that  it  is  (at  all  events  in  fossil  examples)  most  difficult  to  define 
a  positive  line  of  demarcation  between  the  two  forms." 

As  the  terms  have  hitherto  been  used,  such  line  of  demarcation,  if  it 
exist,  appears  best  indicated  at  the  division  between  the^  palseozoic  and 
the  mesozoic  strata ;  and  perhaps  in  lesser  degree,  at  the  close  of  the 
triassic  period. 

In  all  our  Catopteri  the  scales  of  the  caudal  base  terminate  near  the 
middle  rays  of  the  upper  lobe,  '^  and  not  on  the  upper  margin  as  in  a 
true  heterocerque  tail."*  Good  figures  by  Dinkel  of  the  species  (7. 
macrurus  of  Virginia  are  given  in  the  above-mentioned  paper  of  Sir 
Charles  Lyell. 

It  has  been  seen  that  Mr.  J.  11.  Redfield  considers  the  other  fishes 
of  the  Connecticut  River  and  New  Jersey  rocks  as  more  heterocercal 
in  degree  than  the  Catopterus.  In  some  of  the  species,  however,  this 
difference  seems  less  obvious  after  a  close  examination  of  the  structure, 
than  it  appears  at  first  view.  One  or  two  of  the  species  in  my  posses- 
sion, I  think,  are  even  more  nearly  homocercal  than  the  Virginia  fish. 

*  See  Egerton  as  last  quoted,  page  870. 
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I  desire  to  add,  that  two  of  the  LepidoH  from  the  table-land  of  India, 
of  which  figures  are  given  in  the  Journal  of  the  Geological  Sodetj, 
show  very  strong  resemblances  to  two  or  three  of  mj  fishes  from  the 
sandstone  of  Connecticut  River  at  Sunderland,  to  one  of  which  I  had 
proposed  the  name  Ischypterus  Marshii.  Is  it  not  probable  that  the 
vast  extent  of  sandstone  and  trap  in  that  dbtant  region  is  of  like  age 
with  our  Newark  group  ? 

Already  I  have  ventured  to  state  verbally  to  the  Association,  that 
in  the  valuable  collection  of  fossils  from  the  coal-field  of  Deep  River,  in 
North  Carolina,  now  exhibited  by  Professor  Emmons,  I  have  recog- 
nized several  well-characterized  fragments  of  the  genus  Catopterus. 
A  close  comparison  of  these  with  specimens  in  my  cabinet  may,  per- 
haps, show  a  difference  of  species.  But  my  present  impression  is  that 
of  identity  with  one  of  the  New  Jersey  species. 

It  would  be  premature  to  conjecture  how  far  the  new  fossils  of  Pro- 
fessor Emmons  may  affect  the  question  of  the  relative  age  of  these  rocks. 
But  when  we  consider  that  these  fishes  evidently  belong  to  fresh-water 
or  estuary  deposits,  as  is  shown  by  the  entire  absence  of  any  remains  of 
large  marine  fishes,  by  an  almost  equal  absence  of  shells,  and  by  the 
numerous  fossilized  fragments  of  terrestrial  vegetation  with  which  the 
fishes  are  associated,  the  chronological  evidence  afforded  by  their  char- 
acteristic organization  would  seem  to  be  more  determinate  than  that  of 
saurians,  plants,  or  marine  fishes,  whose  general  habitat  and  power  of 
distribution  enable  them  to  occupy  a  greater  range  in  the  geological 
series. 

F.  S.  It  is  proper  to  add,  that  having  now  compared  the  remains  of 
Catopterus  of  Professor  Emmons*  collection  with  my  own  specimens 
of  the  genus,  I  find  them  scarcely  distinguishable  from  most  of  those  of 
the  New  Jersey  and  Connecticut  rocks.  Indeed,  they  appear  to  be 
identical  with  C.  gracilis.  The  chief  differences  appear  in  the  larger 
size  of  most  of  the  Carolina  specimens,  which  may  be  due  to  conditions 
more  favorable  to  their  growth,  and  in  the  less  flattened  condition  of 
the  basal  portion  of  the  strong  and  elongate  front  ray  of  the  pectoral 
fin,  —  owing,  probably,  to  a  nearly  equal  pressure  on  all  sides  in  the 
carbonaceous  paste  or  sediment  in  which  they  were  fossilized. 

New  Tobk,  September  12,  1856. 
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7.  On  the  Occurrence  of  Fish  Remains  in  the  Carbonife- 
rous Limestone  of  Illinois.  By  A.  II.  Wokthen,  of  War- 
saw, IlliDois. 

The  occurrence,  in  a  fossil  state,  of  the  remains  of  fishes  in  the 
mountain  limestones  of  the  Western  States,  has,  up  to  the  present 
time,  been  regarded  as  extremely  rare,  and,  if  we  except  the  thin 
bands  of  limestone  about  to  be  described,  these  remains  are  among  the 
rarest  organic  forms  that  meet  the  eye  of  the  collector  in  his  re- 
searches among  the  several  beds  that  compose  the  sub-carboniferous 
or  mountain  limestone  series  of  the  region  under  consideration. 

Several  years  since,  while  engaged  in  collecting  the  fossils  of  this 
formation  in  the  vicinity  of  Warsaw,  111.,  a  thin  band  of  gray  crinoidal 
limestone  was  observed,  which  contained  the  palatial  bones  offish  in  con- 
siderable abundance,  and  subsequent  research  has  revealed  two  more 
of  these  ^^ platforms  of  death,*'  lower  down  in  the  series,  densely  filled 
with  these  remains.  The  subjoined  section  gives  the  relative  thick- 
ness and  succession  of  the  series  in  this  vicinity,  and  also  shows  the 
position  of  the  fish  beds. 

The  upper  fish  bed  is  situated  in  the  upper  part  of  what  I  shall  call, 
for  the  want  of  a  better  name,  the  Lower  Archimides  Limestone,  inas- 
much as  it  is  the  lowest  bed  at  present  known  to  contain  fossil  corals 
of  the  genus  Archimedes.*  The  remains  from  this  bed,  with  one  or 
two  exceptions,  consist  entirely  of  palate  teeth  associated  with  Cya- 
ihophylla-formed  corals,  Spirifer  Oralis,  and  Spirifer  Cuspidatus.  The 
middle  fish  bed  is  situated  at  the  base  of  this  Archimedes  limestone,  and 
near  its  junction,  with  the  cherty  beds  below.  This  bed  has  proved 
by  far  the  most  prolific  in  these  remains,  and  from  it  I  have  obtained 
more  than  five  hundred  well  preserved  teeth  at  a  single  locality  and 
on  a  surface  not  exceeding  ten  feet  square.  The  fossils  from  this  bed 
are  mostly  jaw  teeth  with  comparatively  few  palate  teeth  and  spines. 

*  A  peculiar  form  of  Fenestblla.    See  a  description  of  species  in  this  volume. 
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The  matrix  in  which  thej  are  imbedded  is  a  coarsely  granular  cri- 
noidal  limestone  not  exceeding  four  inches  in  thickness,  and  sometimes 
so  friable  as  to  be  easily  crumbled  between  the  fingers.  This  charac- 
ter of  the  matrix  enables  the  collector  to  obtain  these  delicate  and 
beautiful  fossils  in  a  rare  state  of  preservation.  In  addition  to  the 
Cyathophylla-formed  corals  mentioned  above,  as  occurring  in  the  upper 
bed,  we  have  in  this  an  interesting  coralline  form,  occurring  in  equal 
abundance  and  belonging  to  a  genus  with  which  T  am  unacquainted. 
I  have  also  obtained  the  head  of  one  species  of  Actinocrinus  from 
this  strata.  This  bed  is  separated  from  the  one  above  by  the  lime- 
stones and  marlites  of  the  Keokuk  quarries,  from  twenty-five  to  thirty 
feet  in  thickness. 

The  lower  fish  bed  is  situated  near  the  top  of  the  Burlington  cri- 
noidal  limestone,  and  the  strata  in  which  the  fish  remains  occur  do 
not  differ  materially,  either  in  their  lithological  or  paleontological  char- 
acter, from  the  associated  strata.  This  crinoidal  limestone  forms  the 
base  of  the  mountain  limestone  series  in  this  region,  and  rests  directly 
upon  rocks  equivalent  to  the  Portage  and  Chemung  groups  of  New 
York. 

This  lower  bed  has  yielded  a  great  number  of  teeth,  though  they 
are  usually  of  smaller  size  than  in  the  upper  beds.  This  stratum  was 
first  observed  at  Quincy,  111.,  and  subsequently  has  been  recognized  in 
Henderson  county,  in  the  same  State,  and  at  Augusta,  in  Iowa,  points 
nearly  one  hundred  miles  distant  from  the  one  first  named,  showing,  as 
I  think,  that  these  fish  beds  are  not  local,  but  retain  their  peculiar 
fossiliferous  character  over  a  considerable  geographical  extent  of  terri- 
tory. In  addition  to  the  fine  teeth  and  spines  which  have  been  obtain- 
ed from  this  bed,  it  has  also  afforded  one  well-marked  bone  nearly 
four  inches  long. 

From  the  specimens  before  us,  it  would  seem  that  the  fishes  of  the 
Bub-carboniferous  era  increased  in  size  from  the  commencement  to  the 
end  of  that  period,  and  that  by  far  the  greater  portion  of  them  were 
cartilaginous,  only  two  well-marked  bones  having  been  obtained  among 
at  least  one  thousand  well-preserved  teeth. 

The  Pentremital  and  Archimedes  limestones  of  southern  Illinois, 
which  form  so  striking  a  feature  in  the  geology  of  that  region,  and 
which  properly  overlie  those  in  this  section,  wedging  out  in  a  north- 
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eriy  direction,  and  entirely  disappearing  before  reaching  the  mouth  of 
the  Illinois  River,  have  afforded  us  several  very  fine  specimens  of 
fish  remains ;  but  a  very  careful  examination  has  not  yet  revealed  any 
strata  in  which  they  occur  in  such  profusbn  as  in  the  lower  beds. 

In  the  more  southern  extension  of  this  formation,  through  Tennes- 
see and  North  Alabama,  notwithstanding  the  greatly  increased  thick- 
ness of  these  beds,  attaining,  as  they  do,  in  the  valley  of  the  Tennes- 
'  see  River,  a  maximum  of  more  than  one  thousand  feet,  these  remains 
are  exceedingly  rare,  and  a  careHil  research  of  several  days  during  the 
past  winter  yielded  only  three  or  four  specimens  of  this  class  of  fossils. 

An  interesting  inquiry  suggests  itself  as  to  the  causes  which  led  to 
the  destruction  of  such  great  numbers  of  the  vertebrated  inhabitants  of 
the  ocean  during  the  deposit  of  the  thin  bands  of  limestone  in  which 
their  remains  are  entombed  in  such  profusion.  Unlike  the  ichthyolites 
of  the  old  red  sandstone  below,  and  the  lias  and  chalk  above,  those  of 
the  mountain  limestone  now  before  us,  only  occur  in  the  fragmentary 
condition  of  isolated  teeth  and  spines,  affording  in  themselves  no  clue 
to  the  causes  which  may  have  operated  in  their  destruction,  and  leav- 
ing us  to  conjecture  whether  they  fell  victims  to  the  ravages  of  disease, 
or  were  destroyed  by  the  sudden  injection  of  heated  water  or  noxious 
gases  into  the  ocean  which  they  inhabited. 

For  the  want  of  the  necessary  authorities  on  this  branch  of  paleon- 
tology, and  having  had  no  opportunity  of  comparing  our  specimens 
with  those  already  described  from  European  localities,  we  have  not 
attempted  to  determine  how  many  of  our  fossils  can  be  identified  with 
European  species.  Nevertheless,  we  may  reasonably  expect,  that 
when  our  collections  from  the  mountain  limestone  and  coal-measures 
of  the  Mississippi  Valley  come  to  be  fully  collated  and  determined, 
many  new  species  will  be  added  to  those  already  known  to  occur  in 
the  upper  paleozoic  series. 
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Section  of  the  Sub-  Carhomferous  or  Mountain  Limestone  Series  exposed 
in  the  River  Bluffs  in  Adams  and  Hancock  Counties^  Illinois^  show- 
ing the  position  of  the  Fish  Beds, 
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m.  ZOOLOGY. 

1.  On  the  Names  op  Animals  and  Plants,  with  Reference 
TO  the  Origin  op  Languages,  and  to  the  Countries 
where  Nations  passed  their  Childhood.  By  Dr.  David 
F.  Weinland,  of  Cambridge,  Mass. 

Evert  European  nataralbt,  who  comes  to  North  America,  mast  be 
struck  with  the  fact,  that  the  Anglo  Saxon  race,  which  has  had  possession 
of  this  continent  for  three  centuries,  has  not  formed  new  names  for  the 
new  animals  and  plants  of  the  country ;  but  —  with  the  exception  of 
some  artificial  and  some  Indian  names  —  has  applied  and  still  uses 
throughout,  old  English  names  for  the  American  animals,  though  the 
latter  are  nearly  all  quite  different  from  those  animals  to  which  the 
names  originally  belonged.  Such  names  are,  for  instance.  Bear,  Bad- 
ger, Catamount,  Mole,  Deer,  Chamois,  Buffalo,  Rabbit,  Porcupine, 
Robin,  Quail,  Grouse,  Cuckoo,  Goatsucker,  Jay,  Shrike,  Starling, 
Linnet,  Goldfinch,  Wren,  Sparrow,  Pigeon,  Turtledove,  Coot,  Rail, 
Grodwit,  Bittern,  "Widgeon,  Teal,  Lizard,  Adder,  Toad,  Treetoad, 
Salamander,  Perch,  Bass,  Gurnard,  Sculpin,  Mackerel,  Blenny,  Barbel, 
Hake,  Flounder,  Sole,  Eel,  Lamprey,  etc.,  all  of  which  are  applied  in 
the  American-English  language,  to  animals  specifically  or  even  gener- 
ally different  from  the  European  animals  which  they  designate  in  Eng- 
land. Thus,  for  instance,  Robin  means  in  America,  Turdus  migra- 
torias,  a  bird  belonging  to  the  thrush  family,  while  in  England  it  is 
used  to  designate  Sylvia  rubecula,  which  belongs  to  the  warblers ;  the 
name  Partridge  means  in  England  a  bird  belonging  to  the  Perdicid, 
(Quails,  etc),  in  America  a  Tetraonoid. 

Starting  from  this  fact,  we  have  been  naturally  led  to  consider  the 
names  of  animals  in  other  languages,  and  we  have  been  surprised,  that 
in  all  those  to  which  we  have  referred  which  belong  to  the  Teutonic, 
the  Pelasgic,  and  Semitic  stock,  we  find  the  same  fact,  namely,  that 
every  nation  has,  only  for  the  animals  and  plants  of  its  native  country, 
real  roots  of  words,  which  express  one  typical  kind  of  animals  or  plants 
and  nothing  else ;  and  that  no  nation  has  a  peculiar  true  name  for  any 
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foreign  animal  or  plant,  bat  that  it  either  applies  to  these  names  of  its 
native  animals,  or  it  borrows  the  names  from  another  nation ;  or  uses  com- 
paring, artificial  names,  like  Guinea-pig  (German :  Merschweinchen), 
Camelopard,  Nile-horse  (Greek :  Hippopotamus,  German :  Nilpferd), 
Sea-horse  (Grerman :  Walross),  etc.  How  names  are  borrowed  by 
different  languages  we  see  particularly  in  the  most  striking  representa- 
tives of  the  animal  kingdom.  The  name  lion  in  German;  lowe, 
leu,  in  Old  German;  lewo,  in  Anglo-Saxon,  lio;  leon,  in  Dutch; 
leeu,  leeuw,  in  Swedish  ;  leion,  in  Danish ;  loeve,  in  Icelandic ;  leo, 
lion,  in  Polish  ;  lew,  in  Bohemian  ;  leo,  in  Latin ;  in  the  Romanic  lan- 
guages, (French,  Spanish,  and  Portuguese,)  lion  is  a  Greek  root-word, 
Xsoif  (leon).  The  Semitic  languages  have  other  roots  for  the  same  ani- 
mal ;  in  Hebrew  arf  means  the  male,  labi  the  female,  and  gur  the 
young.  Now  we  know  that  the  lion  is  a  native  of  Greece ;  that  it  has 
lived  within  historic  times  in  Macedonia,  therefore,  it  has  a  true  name 
in  the  Greek  language ;  we  know  further,  that  it  now  Uvea  all  over 
that  part  of  Asia  and  Africa  which  seems  to  be  the  cradle  of  the 
Semitic  nations,  namelj,  in  Syria,  Arabia,  and  Egypt,  therefore  the 
Semitic  nations  have  another  true  name  for  it ;  and,  further,  thej  have 
three  such  names  for  the  different  sexes  and  ages ;  we  know,  too,  that 
the  lion  never  lived  in  Central,  or  Northern,  or  Western  Europe,  there- 
fore neither  the  Teutonic  nor  Sclavonic  languages  have  true  names  of 
their  own  for  this  typical  animal ;  they  have  borrowed  the  name  from 
the  Greek,  the  nearest  nation  which  had  the  lion  native.  The  Uger, 
an  animal  as  typical  as  the  lion,  has  no  original  name  in  any  Euro- 
pean language,  nor  has  it  in  the  Hebrew,  for  the  tiger  is  not  (as  stated 
in  some  dictionaries)  from  a  Hebrew,  but  from  a  Persian  root.  Now 
this  agrees  again  exactly  with  the  geographical  distribution  of  the  ani- 
mal. Though  it  lives  all  through  the  middle  of  Asia  from  Hindostan 
to  Siberia ;  it  does  not  live  in  Syria  nor  in  Egypt,  therefore  it  has  no 
name  in  the  Semitic  language.  Moreover,  it  does  not  occur  in  Europe, 
therefore  it  has  no  name  in  the  Palasgic,  or  Teutonic,  or  Celtic  All 
these  nations  have  borrowed  the  name  from  that  Persian  root.  The 
elephant  is  another  striking  example.  Its  name  is  from  either  a  south- 
ern or  south-western  Asiatic  root,  or  it  is  borrowed  from  the  Hebrew 
aleph,  which  means  an  ox.  The  elephant  is  an  inhabitant  of  southern 
Asia,  and  if  the  name  is  really  of  Hebrew  origin,  it  shows  that  the 
Hebrews  compared  it  with  their  own,  because  the  elephant  never  lived 
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in  the  native  country  of  the  Semitic  nations,  and  they,  therefore,  have 
no  true  name  for  it     Another  example  is  the   name  camel.     This 
has  a  Semitic  root,  in  Hebrew  it  is  Gamal.     The  animal  is  a  native 
of  the  Semitic   country,  and,  therefore,  it  has   there   a  true  name, 
while  all  European   languages   have   borrowed   the  name   from   the 
Semitic,  because  the  camel  never  lived  wild  in  Europe.     In  order 
to  be  rightly  understood  we  must  notice  here  a  mistake,  which   we 
see  sometimes  made  by  philologists.     The  fact  that  the  name  of  an 
animal  or  a  plant  is  common  to  two  or  three  or  more  different  languages, 
is  often  used  to  prove  that  those  languages  have  some  affinity  to  each 
other.     The  names  elephant,  tiger,  and  camel,  are  common  to  the  Pa- 
lasgic,  Teutonic,  and  Celtic  languages.     Does  that  show  any  affinity  be- 
tween these  languages  ?     To  us  it  shows  nothing  else  than  that  all 
these  different  nations  have  taken  the  name  with  the  thing  from  that 
nation  which  first  had  it.     If,  as  has  been  stated,  the  name  cow  is  com- 
mon to  the  languages  of  all  those  nations  which  have  cows,  this  shows  to 
OS  not  an  affinity  of  the  languages,  but  only  that  the  cow  lived  wild  in  the 
native  country  of  one  single  nation,  and  that  hence  it  has  been  carried 
to  other  nations,  and  its  name  with  it     But  sometimes  nations  really 
seem  to  make  new  names  for  foreign  animals,  either  because   they 
do  not  know  the  names  used  in  the  country  where  the  animal  origi- 
nates, or  because,  perhaps,  that  name  has  too  strange  a  sound.     But 
what  are  the  names  thus  made  I     They  never  are  true  new  names, 
they  are  mostly  artificial,  comparing  names,  such  as  Nile-horse,  or  hippo- 
potamus, for  that  heavy  pachyderm  of  Africa,  which  has  hardly  any  re- 
semblance to  a  horse,  or  Guinea-pig  for  that  little  knowing  animal  from 
Brazil,  or  camelopard,  also,  as  the  ancients  called  the  Giraffe,  compar- 
ing it  to  a  camel  and  to  a  panther ;  or  Sea-cat  as  the  Germans  call  the 
long-tail  monkeys,  because  they  saw  them  coming  over  the  sea,  and 
compared  them  with  cats ;  or  earth-apples,  as  in  some  parts  of  Ger- 
many the  potatoes  are  called,  etc.     These  examples  show  how  much 
nations  strive  to  reduce  the  names  of  all  foreign  animals  and  plants  to 
those  of  such  as  are  native  with  them,  and  they  often  even  go  so  far  in 
this  as  to  apply  the  names  of  their  native  animals  and  plants  to  for- 
eign ones  which  are  entirely  different.     This  has  been  done  to  a  great 
extent  by  the  Anglo-Saxons,  as  they  have  come  over  from  England 
to  North  America.* 

♦  See  the  names  mentioned  above,  robin,  etc. 
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Now  if  this  be  true,  if  nations  have  only  true  names  for  the  animala 
which  inhabit  their  own  country ;  moreover,  if  it  be  true,  as  all  phi- 
lologists believe,  that  a  nation  can  originate  root  words  only  in  its 
childhood,  while  forming  its  language,  we  can  draw  the  important  con- 
clusion, that  wherever  we  find  a  nation  which  hat  true  names  for  all  (he 
typical  animals  and  plants  of  a  certain  country^  that  country  is  the  seat 
of  its  childhood. 

Thus  zoology  and  botany  and  philology  combined,  may  help  ethnog- 
raphy in  determining  the  cradles  of  the  nations  of  the  earth.  We 
purposely  say  the  cradles,  not  the  birthplaces,  because  our  aipim^ts 
do  not  reach  farther  back  than  to  the  childhood,  that  is,  the  time  in 
which  a  nation  forms  its  language  by  originating  root  words. 

Now  is  this  principle  a  practical  help  in  our  investigations?  We 
have  tried  it  with  language  with  which  we  are  best  acquainted,  the 
German,  and  have  found  the  remarkable  fact,  that  the  high  Grerman 
language,  which  has  a  true  name  not  only  for  all  the  typical  mammalia, 
birds  and  reptiles,  (but  also  for  all  the  different  fresh-water  fishes 
of  southern  Germany,)  has  not  any  true  name  for  the  most  character- 
istic mammalia,  birds  and  fishes  of  those  very  seas  which  border 
upon  lower  Germany.  All  these  animals  have  only  comparing  names, 
such  as  Seehund  (sea-dog)  for  seal,  Seeschwein  (sea-hog)  for  dol- 
phin, Seeigel  (sea-urchin)  for  the  echinus,  Seestem  (sea-star)  for  the 
star- fish,  Seeteufel  (sea-devil)  for  Lophius,  Seenadel  (sea-needle)  for  the 
Syngnathus  or  needle  fish,  etc.  This  fact  seems  to  me  to  show,  that 
the  High  German  language  is  the  language  of  a  continental  nation 
which  lived  its  childhood  in  southern  Germany.  How  far  this  is  true 
for  the  Low  Geiman  and  the  Anglo-Saxon,  we  are  at  a  loss  to  say. 
They  seem  to  have  many  true  names  for  the  sea  animals,  such  as 
seal,  and  many  others ;  but  the  question  arises,  then,  whether  they  have 
not  taken  those  names  from  a  nation  which  lived  upon  those  sea-shores 
before  they  came  there.  This  question  must  arise  because  there  are 
still  so  many  typical  sea  animals  for  which  they  use  only  compariiig 
names.  But  we  have  no  doubt,  that  the  Laplander  has  true  names  for 
all  his  sea  animals. 

We  see  from  these  considerations  what  value  there  would  be  in  a 
critical  catalogue  of  the  names  of  animals  and  plants  which  would  in- 
dicate exactly  the  kind  of  animals  or  plants  meant  by  a  given  name, 
and  also  tell  the  geographical  distribution  of  each.     Such  a  dictionary 
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might  also  be  of  philological  value  in  relation  to  the  origin  of  many  verbs. 
In  running  through  a  Hebrew  dictionary  for  names  of  animals  and  plants, 
we  found  that  the  author  (Simonis)  tned  to  carry  back  every  name  to  a 
verb ;  thus  he  derives  anaphah,  the  heron,  from  anaph,  to  be  in  wrath ; 
athon  from  athan,  to  walk  away  slowly ;  cariack,  serpent,  from  carack, 
to  fly  away  quickly  ;  and  in  the  same  manner  we  find  such  names  treated 
in  dictionaries  of  other  languages.  Now  we  may  justly  ask ;  —  Which  is 
the  more  natural,  that  men,  in  the  state  of  nature,  first  make  verbs  and 
then  derive  from  them  the  names  of  the  animals,  or  that  they  first  name 
the  animals  which  live  around  them,  by  a  certain  sound,  and  afterwards 
derive  a  verb  from  that  sound,  a  verb  which  expresses  very  naturally  the 
most  striking  character  of  that  animal  ?  We  deem  the  latter  process  the 
more  natural.  Thus  we  might  rather  derive  carack,  "  to  fiy  quick 
away,"  from  cariack,  the  serpent,  than  inversely.  We  have  no  doubt 
that,  at  least  in  Hebrew,  many  verbs  are  still  to  be  recognized  as  de- 
rived from  names  of  animals. 

I  have  begun  to  collect  materials  for  a  catalogue  of  the  names  of 
animals  and  plants,  as  spoken  of  above  ;  and  I  shall  be  glad  to  receive 
information  and  contributions  from  all  those  who  are  interested  in  the 
subject.  When  the  work  is  published,  the  name  of  the  contributor 
will  be  given  as  authority  for  the  statement. 


2.  On  the  Digestive  Apparatus    of  the  Acakthocephala. 
By  Dr.  David  F.  Weinland,  of  Cambridge,  Mass. 

The  anatomy  of  a  worm  would  seem  perhaps  to  many,  a  matter  of 
not  very  great  importance.  But  those  who  have  followed  the  devel- 
opment of  science  know  that  correct  observations  made  upon  the  so-called 
lower  animals,  are  often  the  starting  points  for  the  most  beautiful  gen- 
eralizations, and  afford  the  most  simple,  and  therefore  the  broadest, 
basis  for  the  physiological  understanding  of  animal  life.  For  in  these 
lower  animals,  in  a  worm,  for  instance,  we  have  all  the  physiological 
systems,  the  reproductory  as  well  as  the  digestive  and  respiratory  or- 

(17*) 
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gans  in  the  simplest  form,  and  we  can  see  them  all  acting  together  in 
one  field  of  the  microscope. 

Some  years  since  a  remarkable  discovery  (the  penetration  of  the 
Spermatozoa  into  the  egg),  was  made  on  an  intestinal  worm,  and  now 
this  fact  nas  become  a  law  extending  very  likely  throughout  the  ani- 
mal kingdom.  This,  I  think,  is  the  true  view  of  the  so-called  lower 
animals  and  of  the  study  of  their  organization. 

In  spite  of  the  labors  of  centuries,  there  still  remains  a  large  number 
of  animals  which  are  said  to  have  no  distinct  digestive  apparatus. 
And  this  is  certainly  true  of  the  microscopic  Rhizopodes,  an  order  of 
Infusoria,  which  may  rightly  be  called  Protozoa,  since  we  have  not 
yet  been  able  to  bring  them  under  the  head  of  either  of  the  four  great 
branches  of  the  animal  kingdom.  These  Rhizopodes  feed,  as  my  friend 
Edward  Claparede,  of  Berlin,  discovered  some  years  ago,  by  thro?ring 
all  their  body  over  their  prey,  (generally  another  Infusorium,)  which  then 
at  once  appears  in  the  midst  of  the  body  of  the  Rhizopod  and  is  some 
minutes  after  a  shapeless  ball  of  food.  Now  these  Rhizopods  reaUy 
consist  of  nothing  but  a  viscous  mass  of  the  most  variable  form,  with- 
out a  membrane  around  the  body,  but  with  a  heart,  if  we  may  call 
such  a  roundish,  reddish  dot,  pulsating  at  fixed  intervals,  from  whidi 
the  intestine  fluid  seems  to  start. 

We  see  here  the  lowest  form  of  animal  life,  and  in  looking  at  such  a 
simple  development  of  all  the  physiological  organization,  we  are  not  at 
all  astonished  to  find  no  distinct  intestine.  It  is  equally  true  that  such 
an  intestine  does  not  exist  among  many  of  the  Radiata,  the  Polypi,  for 
instance ;  and  now  there  are  said  to  be  even  among  Articulata,  some 
animals  which  are  destitute  of  a  distinct  digestive  apparatus.  Thus 
among  Helminthes  or  intestinal  worms,  no  mouth  or  intestine  has  yet 
been  found,  either  in  the  group  of  Cestoda  (tape-worms),  or  that  of 
the  Acanthocephala  or  Echinorhynchi.  These  worms  are  said  to  feed 
by  imbibition  through  the  skin.  Of  the  Acanthocephala,  a  large  spe- 
cies of  which  is  very  common  in  the  intestine  of  the  hog,  Dujardin,  in 
1845,  says:  "  Animaux  sans  bouche  et  sans  tube  digestive;  se  noar- 
rissant  par  absorption."  •  Manchard,  in  1848,  who  succeeded  in  in- 
jecting the  circulatory  apparatus  of  many  Helminthes,  says  of  these 


*  See  Histoire  Natorelle  des  Helminthes,  p.  483. 


ZOOLOGY.  199 

worms :  **  Point  d'  ouverture  buccale,  point  de  tube  digestif.**  •  C 
T,  von  Siebold,  in  1848,  says:  "  Bei  den  Echinorhynchen  >vird  hochst 
wahrscheinlich  die  Zufuhr  von  Nahrungsstoffen  vermittelst  der  Ein- 
saugungskraft  der  Hautbedeckung  vermittelt.*' f  IHesing,  in  his 
Systema  Helminthum  Vindobonae,  1851,  Vol.  II.  p.  18,  says:  "Os  in 
proboscidis  apice ;  Tractus  intestinalis  proprius  nuUus."  Thus  all 
these  helminthologists  agree  in  this,  that  there  is  in  Acanthocephala  no 
intestinal  canal ;  though  Diesing,  in  opposition  to  the  others,  speaks  of 
a  mouth  on  the  top  of  the  proboscis,  which,  however,  as  Siebold  has 
already  observed,  and  as  we  can  fully  confirm,  is  a  mistake,  there  be- 
ing but  a  pit  in  that  place,  and  no  opening  at  all. 

I  hope  to  throw  in  the  following  observations  some  light  upon  this 
subject,  namely,  to  show  that  there  exists  in  Acanthocephala  a  real 
nutritive  system  which  takes  up  food  from  outside,  consisting  of  two 
rather  long  stomachs  hanging  down  from  the  head  into  the  cavity  of 
the  body,  starting  from  two  mouth-openings  near  the  basis  of  the  so- 
called  neck.  I  will  add  that  I  have  succeeded  in  showing  the  exist- 
ence of  this  digestive  apparatus  to  Professor  Louis  Agassiz,  in  the 
living  animal,  to  his  full  satisfaction. 

Last  winter,  in  studying  the  anatomy  of  the  North  American  turtles 
for  the  first  volume  of  the  work  of  Prof.  Agassiz,  I  had  the  rare  chance 
of  dissecting  many  fresh  specimens  of  these  reptiles.  I  directed 
my  attention  particularly  also  to  their  parasites,  which  until  now  have 
been  but  little  studied.  In  the  small  intestine  of  Emysserrata,  I  met  in 
all  specimens  I  dissected  (more  than  a  dozen)  a  Nematoid,  the  Cucullanus 
microcephalus  Rud,  and  an  Acanthocephal,  a  new  species  of  Echino- 
rhynchus,  both,  but  particularly  the  former,  in  large  numbers.  In  this 
Echinorhynchus  I  not  only  recognized  at  the  first  sight  the  distinct 
stomachs,  as  described  above,  but  also,  at  least  in  some  specimens,  the 
two  mouth-openings.  In  all  the  specimens  which  I  observed  more 
closely,  (about  fifty,)  the  stomachs  were  filled  with  a  brownish  granular 
matter.  The  brown  granules  which  they  contain  are  irregular  and 
float  in  a  transparent  fluid,  and  I  sometimes  succeeded  in  pressing  this 
food  out  through  a  mouth-opening  by  a  slight  pressure  of  the  covering- 
glass.     But  the  structure  of  these  stomachs  is  very  curious ;  they  are 

*  See  Rcchcrches  sur  1*  Organisation  des  Vers,  p.  283. 

t  See  Lehrbach  der  Vergleichcnden  Anatomic  der  Wirbellosen  Thiere,  p.  128. 
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not  simple  sacs,  but  contain,  or  rather  are  built  up  of  a  network  of  fine 
tubes,  with  a  central  tube  in  the  midst,  from  which  the  finer  ones  start 
Again,  these  finer  tubes  are  connected  in  the  neighborhood  of  the 
mouth-openings  with  the  extensive  vascular  system  of  the  walls  of  the 
body.  On  the  transit  between  the  tubes  of  the  stomach  and  the  vessels 
of  the  walls  of  the  body,  I  saw  a  valve  which  opened  periodically,  and 
I  watched  once  for  a  good  while  the  process  of  floating  from  the  tubes 
of  the  stomach  into  thet^e  vessels. 

Thus  we  think  the  digestive  process  of  Acanthocephala  —  for  very 
likely  the  same  is  the  case  in  the  whole  order  —  is  this :  The  two 
mouth-openings  receive  the  food  and  lead  into  the  tubular  system  of 
the  stomachs,  which  at  the  same  time  serve  as  digestive  glands.  We 
may  compare  them  with  the  appendices  pyloricae  of  some  fishes,  the 
Salmonids,  for  instance.  From  these  stomachs  the  digested  food  is  led 
into  the  vascular  system  of  the  walls  of  the  body. 

The  Echinorhynchus  of  Emys  serrata,  upon  which  these  observations 
are  made,  when  fresh  and  without  exposure  to  water,  and  placed  under 
the  microscope,  is  very  transparent.  Still  the  mouth-openings  are 
generally  not  to  be  distinguished,  but  whenever  I  saw  them,  they  were 
wide  open.  They  were  still  larger  in  another  Echinorhynchus,  which 
I  met  with  in  Lophius  piscatorius. 

Though  from  the  statements  of  helminthologists,  as  quoted  above,  it 
might  seem  that  they  have  not  noticed  this  extensive  apparatus ;  still 
this  is  by  no  means  the  case.  On  the  contrary,  the  two  stomachs 
were  described  long  ago,  and  very  accurately,  particularly  by  Siebold, 
1.  c.  p.  134,  under  the  old  name  of  Lemnisci.  Siebold  describes 
them  under  the  organs  of  circulation,  because  he  unluckily  did  not  see 
the  two  mouth-openings.  But  even  these  were  seen  by  Mehlis,  but  as 
nobody  until  now  has  seen  them  since,  their  existence  has  been  denied. 
The  supposition  of  Blanchard,  that  the  proboscis  with  its  bag  is  at  least 
in  the  younger  state  of  the  worm,  a  kind  of  intestine,  the  mouth-open- 
ing of  which  is  soon  obliterated,  is  evidently  a  mistake.  The  whole 
mechanism  of  the  apparatus  for  stretching  out  the  proboscis,  which  is 
exactly  the  same  as  in  Cestoda,  and  which  can  be  studied  most  beauti- 
fully in  Tetrarhynchus,  forbids  this  supposition. 

But  there  might  still  be  left  some  doubt  at  least  about  the  name  of 
this  digestive  apparatus,  as  we  have  described  it  above.  "There  are, 
strangely  enough,  two  mouth-openings ;  and  the  structure  of  the  stom- 
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ach  is  very  similar  to  that  of  a  gland.  But  if  we  call  digestive  appa- 
ratus those  organs  which  lead  the  food  from  outside  into  the  animal 
through  certain  openings,  and  which  digests  that  food  and  passes  it 
over  into  the  circulatory  system,  we  are  justified  in  calling  so  the 
above-described  system  of  Echinorhynchus. 


IV.  PHILOLOGY  AND  ETHNOLOGY. 

1.  On  the  Relations  between  Chinese  and  the  Indo-Euro- 
pean Languages.     By  S.  S.  Haldeman,  of  Columbia,  Pa. 

§  1.  The  form  of  Chinese  is  so  different  from  that  of  Latin  or 
Greek,  that  we  might  readily  consider  as  fallacious  all  attempts  to  ex- 
hibit an  identity  of  words  between  them. 

§  2.  Some  have  endeavored  to  establish  such  an  identity  upon  cer- 
tain words  of  like  form  and  meaning,  which  cannot  be  depended  upon, 
being  frequently  the  result  of  accident,  like  the  English  hank  (of  earth) 
and  Mandingo  banko,  with  the  same  meaning ;  the  English  shave  when 
compared  with  the  Eskimo  shame,  a  knife,  and  the  Brazilian  ara  with 
"  air,"  and  co  with  "  go."  Similarly,  the  Kaffer  le,  lo,  for  "  that,"  cor- 
responds with  Fr.  le,  Ital.  lo;  the  Betjuana  k4  is  near  to  the  Ger- 
manic ''  ik  "  and  Latin  ego  ;  and  the  Bushman  &e  to  the  English  I. 

§  3.  Resemblances  like  the  following,  between  Chinese,  English,  etc, 
should  be  admitted  with  extreme  caution,  as  likely  to  be  accidental : 
gnad,  to  gnaw ;  siiuk,  SUGO,  to  suck;  bdy,  to  buy;  wan,  white;  wan, 
ctooked  (wend,  wind)  ;  tam,  damp  ;  tan,  a  red  color  ;  tip,  to  reiterate  ; 
lik,  to  leak  ;  t'hek,  a  house  (tectum)  ;  lap,  loose  skin  ;  t*hew,  a  thread 
(thew)  ;  t'hong,  a  thready  a  line  (thong)  ;  kap,  to  collect  together,  (keep, 
CAPio)  ;  kap,  a  cape  ;  kat,  to  cut ;  etc 

§  4.  From  the  paucity  of  Chinese  words,  many  of  them  are  over- 
burdened with  meanings,  which  gives  room  for  accidental  resemblances. 
Thus  there  are  fifty  different  characters  read  "  sun,"  and  of  some  of 
these  the  meanings  are  very  diverse,  one  meaning  believe  and  real,  an- 
other thick  and  liberal;  but  none  of  these  meanings  agrees  with  the 
English  sun  or  son.    Of  twenty  Chinese  words,  sit  (meaning  to  eat,  to 
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lose,  to  know,  to  rub,  a  rule,  etc.),  the  nearest  to  English  is  that  mean- 
ing a  residence,  often  called  a  seat.  This  resembles  the  language  of  a 
child  who  would  use  essentially  the  same  word  for  stick,  cake,  did,  toad, 
dog,  duck,  scratch. 

§  5.  From  the  monosyllabic  nature  of  Chinese,  and  the  necessity  of 
placing  a  vowel  between  most  consonants,  the  words  are  very  differem 
from  those  of  Latin.  Thus  the  word  Batavia  has  been  cut  down  to 
pa,  and  cap,  a  ship,  stands  for  the  Malay  capal ;  Welsh  ceubal,  a  ferry- 
boat;  Gaelic  cabaile,  a  navy;  Gr.  KvfiBTj,  a  boat,  a-KaQ^og,  a  skiff; 
Heb.  Qa'B,  a  concave  vessel;  Arab.  CuB,  a  cup,  CaV(9al,  a  ship. 

§  6.  We  must,  therefore,  in  comparing  Latin  with  Chinese,  reduce 
it  to  its  roots,  reject  the  prefixes  con-,  sub-,  post-,  ex-,  cr-,  str-,  etc,  be- 
fore consonants,  and  reduce  them  to  a  single  consonant  before  vowels, 
and  replace  the  useful  and  enlivening  r,  with  /  or  s.  Under  this  dissec- 
tion, ICTUS,  a  blow  ;  precor,  I  pray ;  rogo,  I  ask  ;  and  strix,  (Per- 
sian, tshokak)  an  owl,  might  become  respectively  ic,  lee,  sec,  tec ;  which, 
from  the  want  of  the  Latin  inflecting  material,  might  each  have  the  power 
of  from  ten  to  fifty  words,  as  distinct  as  ringor,  I  gape ;  seco,  I  cut ; 
and  PLico,  I  fold.  But  as  strix,  to  be  pronounceable,  must  become 
something  like  satalicasa,  its  Chinese  form  might  be  sa,  as  Batavia 
\spa. 

§  7.  Similar  imitative  words  may  occur  in  languages  the  most  dis- 
tinct, without  indicating  linguistic  affinity ;  as  in  the  names  of  animals 
which  imitate  their  cry,  like  the  Chinese  be^u,  a  cat,  the  voice  of 
which  is  called  miau  by  the  Germans,  m  being  a  nasal  b.  But  an 
identity  of  imitative  words  is  not  common  between  languages  of  differ- 
ent stocks,  because  they  are  submitted  to  the  local  laws  of  speech.  In 
English,  one  who  hesitates  what  to  say,  is  said  to  hem  and  haWj  al- 
though he  does  not  use  one  of  the  sounds  imitated  in  this  translation 
into  speech ;  whilst  the  French  imitative  word  siffler  is  different  from 
the  English  whistle,  hiss,  and  whiz,  although  the  root  sif-  is  a  metathesis 
and  permutation  o£whiz,Jiz.  The  English  imitatives  roar,  rush,  how- 
ever natural  they  appear,  need  not  be  looked  for  in  Chinese ;  nor  will 
Cherokee  (in  which  p,  b,  f,  v,  are  wanting)  furnish  phonetic  equiva- 
lents to  pop,  bob,  bubble  (noiKfo^),  and  their  cognates  in  viv-id,  vi-olent, 
vi-gor,  Bi'Og,  Bi-a,  be,  vi-r^  vi-reo,  vi-s,  etc 

§  8.  But  whilst  imitatives  must  be  compared  with  caution,  if  we 
find  that  an  imitative  basis  has  been  not  only  adopted,  but  modified  (as 


PHILOLOGY  AND   ETHNOLOGY.  203 

far  as  the  genias  of  different  languages  would  permit)  in  the  same 
manner,  with  the  same  prefixes,  having  the  same  power,  we  "mil  have 
gone  far  to  prove  a  common  origin  in  the  languages  where  such  a  uni- 
formity occurs,  —  especially  between  Chinese  and  the  Europjean  lan- 
guages, where  the  differences  are  so  obvious. 

§  9.  In  the  present  essay,  a  throat  exclamation  will  be  traced  into 
European  speech,  together  with  its  ramifications  and  growth  by  means 
of  reduplication,  metathesis,  and  the  use  of  prefixes ;  to  be  followed  by 
their  Chinese  equivalents.  Throat  sounds  are  used  in  various  lan- 
guages, to  form  words  for  cough,  throat,  speech,  wailing,  cricket, 
gurgle,  emotion,  rigid,  narrow,  action,  work,  break,  noise,  pound,  frag- 
ment, breach,  crack,  point,  thorn,  spear,  axe,  molest,  strike,  tear,  throw, 
shoot,  ray,  light,  torch,  fire,  blow,  go,  extend,  etc 

IRISH. 

§  10.  Och,  oA,  <zku ;  cohb,  sorrow;  ochkn,  a  deep  sigh;  t-achta, 
choking;  g-ttch,  a  loud  voice;  r-dch,  a  running y  a  rushing ;  sruch,  a 
flowing  of  waterSj  a  stream  ;  sci^ach,  a  screech. 

WELSH. 

§  11.  O,  alas  J  out  of,  what  proceeds ;  oi,  weUf  to  proceed;  oc,  from^ 
out  of;  og,  what  is  full  of  motion  or  life,  youth  j  a  harrow ;  (Latin 
occo,  to.harrow).  The  force  of  the  Irish  prefix  r-,  appears  in  Welsh 
as  follows:  — 

412.   rhn,  a  hud  utterance,  4  13>   Qch,  what  breaks  out,  a  sigh. 
rhw,  what  breaks  or  grows  out.  ig,  a  hiccup,  a  sob. 

rhuo,  to  roar,  to  talk.  och,  alas  ;  ich,  a  squeal. 

rhaeinell,  a  clarion.  ochan,  a  groan  ;  igio,  to  sigh. 

rhe,  swijl  motion.  achan,  a  hymn. 

riia,  what  forces.  ag,  an  opening,  a  dejl. 

§  14.  By  combining  rhu  with  uch,  etc.,  and  using  prefixes  (as  c-, 
ys-,  gw-,)  to  the  compounds,  we  get  the  two  following  series :  — 

rh-ach,  what  is  forced  out.  c-r-ech,  a  scream. 

rhoch,  a  grunt,  groan.  &^t  <*  cackle. 

rhino,  a  creak,  gncuh.  gi^g»  <*  ^  rustle. 

rhing,  a  creak.  gT6>  harshness,  rottghness. 

rhunc,  a  snort,  a  rattle.  grwng,  a  rumbling  noise. 

rhych,  a  trench.  ys-g-rech,  a  screak. 

rhic,  rbig,  a  notch,  groove.  ysgrechog,  a  jay. 
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§  15.  The  reduplication  of  ig,  ich,  (and  the  use  of  prefixes,) 
gives  (c  being  i^  as  in  Latin), 

ceg,  the  mouthy  throat.  cegn,  to  glut.  gwag,  a  vacuum. 

cegio,  to  choice,  cjngaD,  speech.  y»-gecru,  to  bicker. 

cecr,  a  brawi.  gw-ich,  a  s-qu-eak,  h-ach,  a  sow.  (Pers.  kbok,  a  hog.) 

cecrcn,  to  scold.  gwica,  to  cry  wares.  p-nch,  a  sigh,  a  gnmt. 

cocr,  coaxing.  gwach,  a  hole.  p-ucho,  to  sigh,  pant,  grunt. 

Compare  Angl.  cegan,  to  call     The  p-  of  p-uch  occurs  in  (de)pHiye,  p-laeid,  etc 

§  16.  The  Welsh  root- word  11a  (akin  to  rha,  §  12,)  is  a  noun  mean- 
ing, that  which  breaks  out,  is  light,  or  clear.  It  has  various  cognates, 
as  llae,  an  expanse ;  Hi,  a  flood;  Uw,  an  eocclamatton,  oath ;  Uewer, 
liffht;  lloer,  the  moon;  llewen,  a  focus  ;  llewym,  a  meteor  ;  llwys,  clear, 
pure,  holy ;  and  with  a  prefix,  g-lwys,  pure,  holy,  fair;  g-law,  bright- 
ness ;  golwch,  worship. 

§  17.   By  combining  Ua  and  uch,  we  get  the  series,  — 

llach,  a  rag,  a  slap.  Uwg,  what  is  bright. 

llachar,  gleaming.  Uugan,  a  glitter. 

lluch,  a  tlirow,  a  glance.  Ungas,  a  dawning. 

lluched,  lightning.  llugorn,  a  trumpet. 

llig,  what  shoots.  lljg&d)  eye-sight,  eye. 

Hug,  a  gleam,  Hygaa,  splendor. 

§  18.  By  combining  Ha  and  uch,  commencing  with  the  guttural,  we 
get  another  Welsh  series,  — 

gal,  spread  out,  dear.  colon,  a  peak.  g&wl,  a  daum,  holy. 

galw,  to  call,  invoke.  gall,  energy.  geli,  a  shooting  out. 

galaru,  to  lament.  gaUus,  powerful.  gelin,  a  sprig. 

col,  cor,  a  point.  golan,  light.  goHw,  a  Joint  tint. 

col-p,  a  dart.  gole,  splendor,  claer,  eglur,  dear. 

The  -p  in  col-p  (Swedish,  kol-p,  a  dart)  is  present  in  the  English  gulp,  yelp,  scalp. 
The  foUowing  are  Graelic  :  — 

gal,  weeping.  geal,fair,  bright.  gaol,  love, 

gul,  crying  out.  gilead,  whiteness.  gealun,  Jire. 

galan,  noise.  galla,  brightness,  beauty.        gaoil,  boiling,  emger. 

§  19.  The  two  preceding  series  (§  17, 18,)  suggest  g>-/L^^,  to  bum, 
shine,  vex;  (p)Jyfia, flre,  (f-la-me) :  EngHsh,  lol  look,  light,  call,  yell, 
gul-let,  clear,  glory,  glow :  dP-ysXl-G),  to  announce ;  d-yaXX-fo,  to  make 
splendid,  to  exult :  Irish,  giQ,  white ;  g^^ch,  the  moon :  Latin,  luceo, 
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to  thine;  lux,  light:  Gp.  Uho^,  the  sun;  Xvxvog,  a  lamp;  y-ilavx-otf, 
bine,  dear,  the  L  of  which  appears  in  Xafa,  to  look  at ;  Xevm,  to  see, 
thine, 

§  20.  The  same  L  (§  §  16, 19,)  occurs  in  the  Gaelic  la,  lo,  laoi,  a  day ; 
homjf-lame ;  li,  color ;  leas,  light;  leicc,  leug,  a  diamond,  a  gem;  lia, 
a  flood;  lua,  an  oath,  water;  lo,  water.  With  these  (and  with  rhu, 
§  12,  r  not  being  a  Chinese  element),  we  may  compare  the  Chinese 
II,  clear,  bright,  happiness  ;  lek,  bright,  clear ;  l5ng,  fireworks ;  lo,  a 
voice,  a  sound;  lo^,  to  converse;  16,  a  gong;  16,  a  drumming  in  the 
ear;  la6u,  a  noise  ;  16  w,  a  flood;  16,  to  flow  rapidly. 

§  21.  From  the  continuousness  of  S,  s-creak  may  have  been  intended 
for  a  continuous  action :  uch,  ich,  (§  13,)  being  continuous,  want  the 
explosive  sharpness  that  results  from  commencing  with  closed  organs, 
a  deficiency  which  c-  (cay)  would  supply,  besides  simulating  the  closed 
glottis  at  the  beginning  of  a  c-ough,  at  the  end  of  a  hi-c(cup)  during  the 
continuance  of  ch-ok-ing  or  g-ag-ing,  and  the  frequentative  action  of 
c-ac-ling,  ch-uc-ling,  and  g-ig-ling. 

§  22.  The  root  of  s-c-r-eak  is  perceived  in  h-ic-cup,  the  enlivening  r 
gives  r-ing,  (and  the  perversion  r-ough)  :  Latin,  r-ic-tus,  the  mouth  ; 
BATCU8,  hoarse,  harsh ;  B-oO-0,  to  ask ;  Gr.  Q-eTx-w,  to  snort ;  ^-^x-m, 
to  howl ;  x-^cjl'-o),  (fut.  x-^-Z^do,)  to  c-r-eak ;  nqiyti^  a  creak,  x-^-ox-riy^, 
^aykrig,  a  crier;  Latin,  c-R-oc-io,  to  croak,  leading  by  successive 
prefixes,  to  creak,  cricket,  crack,  screak,  screech,  click,  cluck,  clang, 
etc ;  6r.  Xny-aivto,  to  cry  out ;  x-X-o/y^  ;  Latin,  clangob  ;  and  gloc-io, 
to  duck.  Starting  with  the  root  of  echo,  r-  gives  r-ixa  contention,  a 
t-  prefixed  (^QiO^^  to  stridulate,  in  the  future  tense)  r-^/^-oo,  and  an 
intensive  s-,  s-t-r-ix,  an  owl.  This  agglutination  of  prefixes  shows  a 
dose  affinity  in  the  structure  of  Greek,  Latin,  and  English  words. 

§  23.    OBBEK. 

^  M»  soand,  clamor.  *  6^,  sharp,  ac-id.  *  KotAitf  to  lament. 

'  ilX'^,  edio.  *  iuco^f  a  sotmd,  the  ear.         (/ov,  cH,  alas.) 

•  ebj(^,  a  prayer,  boast.  '  iucobity  to  hear.  ^  bi^,^  afiUction.* 

•  ^x^t  to  throttle,  torture.  *  i;tof,  afiUction.  i*  irax-tu,  to  shoat. 

*  The  initial  of  this  word  is  akin  to  the  preceding.  The  mark  4  indicates  that 
the  word  is  not  a  primitive  form,  C  being  probably  derived  jfrom  a  guttural,  like  San- 
scrit, Persian,  and  English  Uh^  which  is  rarely  a  primitive. 

(18) 
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1*  al-ayfta,  a  sigh.  •i 

i»  U>K'ii,  din  of  battle.         *« 

w  6;f-Aoc,  a  mob.  *■ 

*»  ^-6>,  I,  the  8p-eak-«r.        ** 

!•  ^«c«,  there. 

IT  <w«,  ot;;f,  not.  ** 

*•  6-ye,  this ;  hoc,  ye,  ye-e.   *• 

W  bTK-QOfULif  I  bray. 

*  Ar«of,  swelling,  bulk, 

^  drKi7,  size,  a  hook. 

"  ty-eipct,  to  arouse. 

**  aye,  come  out  I  hence  to 


egg,  or  a^  on. 


•*  df-/^X^-6),  to  announce.    •* 

*  dyaXA<j,  to  make  splen-  *• 

did,  to  exult ;  alyhj,  ** 
ayX^a,  splendor.  ** 

*  0(7^,  light,  the  eye. 

«7  ^Xty.fxa,  fire,  heat.  •• 

"  dyi7,  respect,  envy,  hate. 
*•  dyovpdf,  proud,  fierce.       •'' 

•0  X-oK-o,  to  sound  like  ^ 
breaking.*  ** 

•1  Aiy«,  to  speak.  •* 

*s  Aoivo^,  to  talk. 

•»  Aev/cavia,  ^  throat.         •* 

•*  X'^-<^,i  to  swell,  be  full,  •» 
rush,  gurgle.  •* 

*  Xiyaivu,  to  cry  out.  •* 

*  Xtryw,  to  hiss,  whiz. 

•^  XZywf ,  a  smoky  fire,  •• 
smoke.^  •' 

"  X^ytM!X-*^f  dew  iound-  •• 
ing.  w 

»  ^-Aafy^,  clangor.  ''o 

*o  Awfyoivu,  to  sob,  hiccup.  ^ 


f-AdC-<>),4.  to  stammer. 

(Icyu,  to  b-r-eak. 

oiyvwj,  to  open. 

X-OK-iu,  to  rend,  break, 
resound. 

XoKTiQjj,  to  kick. 

Aa«r<c,  a  pestle. 

Xiydoc,  IyA)f ,  a  mortar. 

tr-AjTyJ),  a  blow. 

ir-A^/«-T7f ,  a  str-ik-er. 

XdrxVt  a  spear  head,  the 
tip  of  the  t-ong-ue. 

Xoiyd^,  destruction. 

Xeixh^'t  lichen.t 

X&Xyij,  wool.t 

Adicof ,  a  rag.wi  i<» 

i-ay-vpt,  a  minute  frag- 
ment. 

Xdxoc,  a  lot,  portion,  ap- 
pearance. 

Xoxfjoj,  ft  bush,  thicket. 

Xuyoioc,  shady. 

Xvypdc,  sad,  weary. 

Xiryrf,  darkness. 

Xiryoc,  a  shrub,  an  osier, 
flexible. 

hryoo,  to  bend,  tie. 

Ao^,  oblique. 

T-o^-cv,  a  bow. 

4y^,  a  fracture,**  a 
wave. 

&^lvii,  an  axe. 

6yfMC,  a  furrow,  track. 

A^rrdf,  a  trench. 

6x^,  food,  a  hollow. 

&)QptKdv,  a  mushroom. 

<ka;i:6»,  to  molest. 


^  Tfhvx-oo,  to  harass.^ 

w  oLc^o,  injury. 

'*  dty&riv,  impetuosity. 

'*  If  oAof ,  leaping. 

w  aZf ,  o2ya,  a  goat. 

T7  dT/coAif,  the  arm. 

^  alx-f^,  a  spear  ponit 

^  firax-Qtpa,  a  sword. 

"^  dx^,  a  point. 

"i  oxav,  a  thistle,  brier. 

^  dicav(kt,  a  thorn. 

^  oK/i^,  acme ;  oK-fud,  pim- 
ples. 

"•  Itif,  a  viper. 

**  *;t?vof  ,  a  hedgehog. 

"*  dA:p^«  the  wild  pear. 

•7  ffTa;fwj,  a  8p4ke  of  com, 
a  plant,  offspring. 

"  liKoc,  a  child. 

••  OT-ty-ex^,  an  awL 

*^  Tpaxi>c,  rowgh,  hanh. 

W  Tptyfidc,  a  shrill  cry.*^ 

•*  d-ex-ofiai,  to  tak-e,  com- 
prehend. 

••  firpcavi^,  a  work. 

•*  dacri^,  a  tak-er. 

•*  ddicTv^,  a  finger. 

•*  A<;ttti^,  the  fore  finger. 

^  Xtixu,  to  lick.« 

•*  6p-ey-a,  to  stretch  forth. 

••  T-ay<j,  to  grasp.** 
i^Jo  P-pax-Uiv,  the  arm.*  • 

101  ^Jdyof,  /idyof ,  a  rag. 
iw  T-pi);t-of  ,  a  tatter. 
i«  PiMx-iK,  short,  little,  as 
if  b-rok-en. 


♦  Xva,  discord ;  Xo-,  do-,  Xe-,  are  intensive,  as  in  X<ov,  very. 

t  From  its  broken  i4>pearance,  —  but  x-piK-o,  is  to  strike,  to  weave;  Kpoiof,  the 
woof;  icpoklc,  nap,  a  lock  of  wool,  threads  sticking  out  of  doth ;  hence  KpoKoc,  cmo- 
CU8,  Moffron,  from  the  conspicuous  stigmas. 

X  The  force  of  R  in  No.  ^^^,  etc.,  (see  4  12)  is  observed  in  6povct,  to  rush  npoo ; 
6po,  to  move,  excite,  arise ;  /^u,  to  fiow ;  $i)6oc,  uproar. 
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^  iwtioc,  a  steep  rock*  **•  ^-ay-dv,  to  eat.  **•  iroyiof,  stiff  with  cold. 

'<*  PoKTjfpioc,     resounding,  ^  ^yof,  the  beech.  ***  ffoyof ,  frost,  ice. 

striking.  ^^  fpvyijf  com,  pulse.^**       ***  woA^of,  thickness. 

106  ^;fif J  the  spine.  ^^  /ioyof,  a  granary.  ^**  naxvvu,  to  render  fat. 

*'>'  /it^l  a  root.  ^**  «cpe«j,  to  strike.  1*^  ir^jtvf ,  the  upper  arm. 

w«  ^;fOf,  a  thorn  bush.  >*'  r-pay-of,  a  goat.  i**  nvy*^,  a  cubit. 

w»  f-payfidv,  a  thorn  hedge.  ^*  Kpwcnj^,  a  crier.  **•  "vy^,  the  haunch. 

11^  ^-pQKTiip,  an  indosure.  ^^  K-pa^,  4.  to  c-roak.  i*''  ttvicvou,  I  condense, 

wi  ^r«df,  a  coping.  i"  'c-p<^4  (fut.  «cpt^«)  to  ^^  rrviavdf,  crowded. 
"*  T-eixio,  to  wall,  fortify.  c-reak.  '•*  Tvy^,  the  fist. 

*"  reKToivij,  to  construct.  *••  ^-paCw4  to  relate.*^  '*•  7rt;/«n7f,  a  bK)x-er. 

>w  Trp»aw,  to  make.  *••  ^i^,  the  murmur  and  1**  m/Ar^f,  a  lyre. 
ii»  /iwyof,  split.  rippling  of  wares.         '•*  ftayodbg^  a  lyre, 

iw  a-6yaptc,  a  battle  axe.**  *••  ^P^*  a  shuddering.        !••  /<^;p7)  f-igh-t. 

>"  i3pa;t"»  to  crash,  creak.  ^^  ^P<^^,  bristled,  rough,  1*^  ^of,  big. 
II'  Ppi(fX»,  to  howl.  curly.  ^•^  fuucpd^,  long.* 

iw  fi6x6<Kt  a  loud  noise.  ^  <>/m^,  hair ;  *•  note.  *••  ^'^tpdf ,  small.* 

J*  /^'"m.*,  to  snort,  snore.*^  *••  ^y<^i  to  fry,  parch.        ^  rroxof,  a  fleece. 

^  f^^X^C,  ft  snout.  **^  ^KTcwjj  to  kindle.         ^•i  nuyuv,  a  beard. 

M  /%^ia,  a  b-reak,  c-rack.  1*1  a{i^«,  to  ang-ment.  ^^  n^fof,  the  box-tree.t 

J2»  /njKidc,  broken.  ***  noKToo,  I  make  compact,  ^^  ttcv/it?,  the  fir,  a  torch.f 
»  T-fhuy-a,  to  chew.  w^/y^,  compact.  !•♦  niaaa,^  pitch,  (pi>a  ?)t 


106 


nuopoc,  pungent,  bitter. 


§  24.    LATIN. 

The  following  numbers  and  words  correspond,  in  a  general  way, 
with  those  of  the  preceding  Greek  series.  Such  a  reference  admits 
of  much  variation,  a  word  in  one  language  having  affinities  with 
several  in  another.  To  keep  this  in  view  **  ico,  I  strike,  has  the  num- 
ber of  ayw,  I  break,  and  its  derivative  ictus,  a  blow,  has  that  of  oixio, 
an  injury.     The  name  of  a  singing-bird,  **  fringilla,  is  placed  neai* 


*  Whilst  crowding  on  material  enlarges  an  object,  pressure  and  condensation  di- 
minish the  size  of  the  aggregation.    Compare  maonus,  large,  and  maceb,  lean. 

t  Ilv^of,  Buxus,  from  its  dense  foliage,  —  "most  dense"  of  Plini.  "Buttmaon 
makes  it  very  probable  that  the  radical  notion  of  ireOiaj  is  not,  as  usually  supposed, 
that  of  bitterness,  but  of  sharp-pointedness,  the  fir  being  so  called  either  from  its 
pointed  shape,  or  from  its  spines."  LiddeU.  and  Scott.  JleiKTffJir,  is  in  Latin  abibs, 
probably  for  abiex,  its  adjective  being  abieonus,  as  salix,  willow^  gives  sauomub, 
madeofunllow. 
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^  FRiGUTio,  to  twitter ;  but  the  bird  has  a  very  robast  bill,  and  is  a 
seed  eater,  hence  its  number  is  that  of  prango,  to  break.  Here  there 
is  no  real  discrepancy ;  words  like  breaky  crack,  being  applied  both  to 
the  sound  and  its  accompanying  phenomenon,  the  ear  taking  note  of 
the  former,  and  the  eye  of  the  latter. 


1  AHy  alas,  oh. 
1*  EHO,  ho !  v-AH,  oh ! 
1*  8-ic,  thus ;  T-UNC,  then. 
'•  H-ic,  here ;  h-oc,  this. 
!■  KX  (c«,  e^),  out  of. 

1*  EGO,  I. 

^^  Ai  {al)f  alas ;  aio,  I  say. 
J'^  EJULO,  I  wail. 
^  ECCE,  behold. 1* 
^  OCULU8,  eye. 
^  B-ACCA,  berry. 
*'  N-ic-TO,  I  blink. 
^  N-ic-o,  I  beckon. 
^  8P-EC-IO,  I  see. 
^  8-AO-AX,   seeing   easily, 
ac-nte. 

*  ACHETA,  a  cricket. 

*  CICADA,  a  noisy  insect. 
^  LOCU8TA,  a  grasshopper. 

*  ECHO,  echo. 
**  v-ox,  voice. 

••  v-AGio,  I  sq-u-eak. 
"  F-AC-CNDUS,  el-oq-uent. 
•*  B-uc-iNA,  a  trumpet. 
**  p-oc-ULum,  a  cup. 
••  B-ucc  A,  a  mouth,  morsel. 
••  M-iCA,  a  crumb,  bit. 
w  MAXILLA,  a  jaw. 
••  MUGio,  I  bellow. 
"  F-AVC-E8,  the  gullet. 

Y-AG-iNA,  a  scabbard. 

T-Aco,  to  be  empty. 
•'  L-AC-UNA,  a  ditch. 
■1  L-ACio,  I  call, 
w  LEGO,  I  depute. 
•1  LOQvoB,  I  speak. 
"  LUGEO,  I  mourn. 


^  p-iG-EO,  I  grieve. 
^  N-Eoo,  I  say  no. 
n  D-ocEO,  I  t-each. 
*^  FR-iG-UTio,  I  twitter, 
w  F-L-AG-iTio,  I  demand. 
^^  FBiNGiLLA,  a  finch. 
^  FRiGO,  I  roast. 
"*  BiNGOR,   I    open    the 

mouth. 
"*  BTBiGO,    I   rest,    take 

breath, 
w  8-T-R-ix,  an  owl. 

BTBIDE0  4    {d    for  g) 
Tpt^Uf^  to  stridulate. 
•^  8TRIGILI8,  a  scraper. 
"•  B-ix-A,  contention. 

GR-AC-ULU8,  a  jackdaw. 

BOGO,  I  ask,  beg. 

pBOco,  I  demand. 

PBECOB,  I  pray. 
^*  BICTU8,  the  mouth. 

BUCTU8,  eructation. 

RAYcus,  harsh. 

BUGA,  a  w-rinkle. 

BiGOB  (^>of ),  stiffness. 

FBiGEo,  I  freeze. 

FBico,  I  rub. 
^^  FRANGO,  I  break. 

FBAXiNUS,  the  ash. 

PL-ANGO,  I  beat. 

PLAGA  (itAjTT^),  *  hloW. 

PLECTO,  I  punish. 

PLECTO  {tt^kq),  I  plait. 
^  FLECTO,  I  bend,  turn. 
**  FLOCCU8,  a  lock  of  wool. 
•'  LUCTOB,  I  wrestle. 
•*  LiGO,  I  tie. 


"  LiciUM,  a  thread. 
**  LiGO,  a  hoe,  a  raka, 

p-EC-TEN,  a  comb. 

pnco,  I  fold. 
^  LAXU8,  sl-ack,  wide. 

PL-ACBNTA  (nXtUBOCc),  a 

cake. 
FLACCUB  (j^Aof ),  flaccid. 

FL-AGELLO,  I  whlp. 

^**  FR-ux,  produce. 

^^  N-ux,  a  nut. 

1*  F-AG-U8,  the  beech. 

*  AC-EO,  to  be  tart. 

*  ACiES,  an  edg-e. 

^  Acns,  a  needle."^  •• 

MUCRO,  a  point. 

MACERiA,  a  garden  walL 
^  BGBO,  to  ach-e. 
"  ICO,  I  strike.*'  las 
^  ICTUS,  a  blow. 
*'  j-AC-EO,  I  throw. 
•*  occo,  I  harrow. 
^'  8-AVc-io,  I  wound,  kill. 

8-UG-iLLO,  I  strike,  re- 
vile. 

BAYcius,  sick. 

siGNO,  I  mark,  express. 

Y-BX-o,  I  pl-agne,  affl4c4. 

YiCTiMA,  a  victim. 

TR-I7X,  fierce. 

L-AC-ERO,  I  tear. 

LACERTA,  a  liz-ard. 

8-AXU«n,  a  rock. 

8ECO,  I  cut,  wound,  go. 

siCA,  a  d-agg-er. 

BICILI8,  a  sickle. 

ir-EC-o,.I  slay. 
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K0CBK8,  per-n-ioions. 

Mox  (vv^),  night. 

KioBR,  black. 

NUOAE,  trifles. 

PECCO,  I  sin. 

p-iEJ-OB,  worse. 
**  AGO,  I  moTe,  drive. 

s-AO-iTTA,  an  arrow. 

T-io-Ris,  a  tiger. 
^  lONis,  fire. 
•  FL-AO-BO,  I  bum,  glow. 

FOCUS,  a  hearth. 

FAX,  a  torch. 
*!•    T-i<j-K«n,  a  beam. 

^  L-IO-NUm,  wood. 

B-AC-ULU8,  a  stick, 

AXIS  {u^ti»v)f  an  axletree. 

OB-AG-iLis,  slender. 

L-ONO-us,  long. 

M-Ac-BB,  m-eag-re. 

▼•AO<OB,  I  wander. 

8-EQ-yoB,  I  follow. 
**  FB-EQ-YBNS,  freqaent. 

L-iNQ-vo,  I  leave. 

F-uo-io  {^eiryu),  I  fly. 

K-ix-OR,  I  rest  on,  strive. 
"*  F-AC-io,  I  m-ak-e. 

FA0IB8,  appearance. 
••  PEOMA  {iryyfia),  a 
ch-ine. 

F-AEG-ULA,  dregs. 

M-AC-ULA,  a  stain. 

F-io-MBNTum,  paint. 

F-iNo-o,  I  make. 

F-io-o,  I  fix. 

FiCTUS,  feigned. 

F-io-UBA,  shape. 

L-ooo,  I  place. 

I^BG-Tcs,  a  bed. 

L-EO<o,  I  collect 

L-uc-Rum,  gain. 
^  Auo-Bo,  I  aogment. 
^^  M-AC-TU8,  augmented, 


!♦*  x-AO-is,  more. 

^'  M-AO-NUS,  b-ig. 

M-AO-iSTEB,  a  master. 

B-BO-o,  I  dir-ec-t. 

p-ANO-o,  I  fix,  agree. 

piONUs,  a  pawn. 

PACT 08,  bargained. 

PI/-AC-ATIO,  a  pacifying. 

p-AC-o,  I  pacify. 
^1  P-AO-C8,  a  village, 
iw  v-i«-u8,  a  village. 
1*2  P-CO-NC8,    the    fist,   a 

handful. 
^  PUONO,  I  fight. 

PCNOO,  I  stick,  sting. 

wdywpof,    a    p-ung-ar, 
(spin J  lobster). 

puoio,  a  dagger. 

8P-IC-A,  a  spike. 

T-ANo-o,  I  touch. 

T-AC-BO,  I  am  silent 
^  L-iNo-o,  I  lick. 
^  LiNQVA,  the  tongue, 
w  i>-uc-o,  to  draw,  t-ug, 

g-ot 
••  ^lo-if  us,  tak-e-worthy. 
•*  D-BC-EN8,  decent 
•*  DBCUMANUS,  great 
•*  Dico  (dacaCw),  I  take, 

give,  proclaim,  say. 
•*  Dice,  I  say,  assign. 
•*  DIGITUS,  a  f-ing-er. 
**  DEXTBB,  the  right  hand, 

m-ight. 
••  DECsm  ((Kica),  ten. 
^  INDEX,  a  sign. 
•*  iWDico,  I  show,  declare. 
*'  DEOO,  (de,  ago,)  I  live. 

TB-AH-o,  I  draw,  take. 

TB-AO-TO,  I  dr-ag,  str-ike. 

v-EC-TO,  I  convey. 
**  LUCEO,  to  light,  glitter. 

L-iQ-VEO,  to  be  liquid, 
clear,  plain. 

(18*) 


AQ-TA,  water. 
M-AC-BBO,  I   8-oak   in 

1-iq-uor. 
M-UC-IDU8,  slimy. 
L-AC-BiMA,  a  tear. 
LACU8  (X6m>c),  a  lake. 

8T-AG-NUm,  a  pool. 

B-iQ-o,  I  irrigate. 
8-ICC-U8,  dry,  thirsty. 
8-icc-o,  I    dry,  drain, 

suck. 
8UOO,  I  suck. 
SUCU8,  juice,  sap,  v-ig-or. 
BANGTis,  blood,  force, 

race. 
v-io-EO,  I  live,  am  active. 
F-BC-UNDU8,  fertile. 
v-ic-TiTO,  I  feed  on. 
▼-BG-BTU8,  quick,  fresh. 
B-EC-Bif  8,  growing,  fresh. 
BACEMU8,  a  cluster. 
BEOE8,  seed,  com,  profit 
8AOINA,  food,  fatness, 
p-ix,  pitch. 
P-ING-VI8,  fat. 

P-BC-TU8,  the  breast. 

p-iG-EB,  slow,  dull. 

p-BC-u,  sheep,  cattle. 

OB-EX,  a  fiodL. 
M  L-UC-U8,  a  wood. 
•'  NEXO,  I  bind,  connect 
"**  8TB-ING-0  {arpdryu),  I 

grasp,  tie.*2 
••  v-iNCO,  I  conquer. 

T-BX-o,  I  weave,  build. 

T-OG-A,  a  gown: 

T-BO-o  (<rrfy«),  I  cover, 
st-ick  away. 

B-oc-io,  I  join,  associate. 

MAS  (for  max  ?),  a  male. 

TU88I8    (for   tuxis?)    a 
cough. 
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§  25.    CHINESE. 


Chinese  being  spoken  with  a  peculiar  intonation,  the  marks  of 
accent  and  length  used  in  printing  it,  indicate  the  tone,  and  where  this 
is  different,  but  the  elements  identical,  the  words  are  considered  to  be 
distinct.  In  fact  it  is  less  of  an  error  to  use  T  for  L,  than  to  use  a 
wrong  tone.  The  examples  are  from  Medhurst's  dictionary  of  the 
Hok-keen  dialect,  and  the  orthography  English,  ch,  y,  ng,  having  Uieir 
power  in  chipy  young.  The  examples  will  be  those  corresponding  to 
the  Welsh,  Greek,  and  Latin,  already  given,  commencing  with  thoee 
which  have  a  reduplicated  guttural,  as  k-k,  k-ng,  y-k,  or  its  trans- 
mutation (with  English  ch,  as  in  speak,  speech,)  ch-k. 

§26.  kek,  bright;  keng,  very  bright;  g&ng,  bright;  gdng, 
sunrise;  hdng,  red;  ykng,  to  illumine;  yang,  the  sun;  cheng, 
brightness;  hong,  luminous,  clear;  (seang,  doth  of  a  light  yellow 
color,  as  if  from  se,  cloth,  and  eng,  bright).*  Jakutish,  tshagfayrga, 
to  radiate,  lighten ;  tshokyr,  flint ;  tsho;|^,  a  burning  coal ;  dzhangld], 
to  be  clear,  transparent  The  mind  associates  a  ray,  a  spear,  and  a 
shoot ;  hence  we  find 

§  27.  kek,  a  spear;  hong,  the  point  of  a  weapon;  keng,  a  stalk 
of  com;  chek,  a  blade  of  grass;  yang,  young  shoots  of  rice, 
calamity;  yang,  nourishment;  ydng,  nausea;  (seng,  to  be  bom, 
alive). 

§  28.  go*k,  a  peak,  the  point  of  a  sword,  a  crocodile ;  ga*k,  a  hiO ; 
gek,  rugged  like  hills,  lofty ;  g5ng,  high. 

§  29.  yeu*k;  a  sound,  a  voice,  bright,  dear;  yiing,  to  leap,  a  bab- 
bling fountain,  bold  ;  yea'k,  to  leap ;  heng,  to  walk,  to  travel ;  (dng, 
to  walk  quickly;  seang,  hasty)  ;  cheng,  hasty  walking,  afraid;  hek 
(and  lek),  to  be  afraid ;  che*k  (and  teuk),  to  advance;  (e*k,  to  lead 
hastily);  heng,  to.  accompany ;  h6ng,  haste;  heiing,  to  hasten. 
(In  German  keck  means  pert,  bold,  nimble ;  Eng.  quick).  Jakutisb, 
yk,  to  hasten. 


*  In  like  manner,  it  is  probable  that  the  Sanscrit  root  riLpHi,  to  stir,  to  break, 
Latin,  sap-io,  (Eichhoff,  No.  525  J  is  composed  of  aR,  to  go,  to  reach,  (£.  No.  495  J 
and  ab,  to  go,  (E.  No.  22j  or  ap,  to  occupy,  to  hold,  (E.  No.  23.) 
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§  30.  The  following  examples,  in  continuation  of  the  preceding,  are 
to  be  read  across  the  page.  The  first  colnmn  contains  the  root,  to 
which  the  prefixes  s-(r-)t-,  1-,  are  added  in  the  second,  third,  and  fourth 
columns.  A  few  parallel  forms  in  Greek,  Latin,  Welsh,  Gaelic,  and 
Hebrew  are  added,  examples  in  r-  being  placed  with  its  cognate  s-. 

§  31.  The  force  of  the  Chinese  prefixes  k-,  s-,  t-,  (1-,  see  §  20,)  is 
observable  in  k e,  a  pearl ;  to  ridicule  ;  to  praj ;  to  sell  ;•  k€,  to  fear ; 
k  e ,  a  stalk ;  proud  ;  hastj ;  k  6 ,  happy ;  k  a  e ,  violence ;  harmony,  s  S , 
to  look  at ;  to  spread  out ;  a  connecting  thread ;  ardent ;  to  swear ;  day- 
break ;  a  peak ;  se,  an  arrow ;  to  wet ;  silk ;  spittle  ;  the  beginning ;  se, 
power,  te,  to  blame,  to  kill;  t^,  to  revile ;  to  oppose;  t^,  to  extend 
to ;  to  display ;  t6,  a  pond ;  to  walk ;  t&,  to  frisk ;  to  be  burnt 


*  When  definitions  are  separated  by  seinicolony  they  are  represented  by  difierent 
Chinese  characters  of  the  same  name  ;  when  by  a  conmia,  they  define  a  single  char- 
acter. 

As  the  Latin  final  m  indicated  a  nasal  vowel,  it  is  printed  as  in  staqn mo^ ,  that  it 
may  not  have  the  prominence  of  a  real  (and  a  labial)  consonant  letter. 

The  examples  of  Jakntish  (yakutish)  are  from  Bohtlingk,  and  in  the  absence  of 
the  proper  types,  his  Russian  orthography  has  been  roughly  turned  into  English. 
It  could  not  have  been  done  critically  without  considerable  explanation,  and  the 
same  remark  applies  to  the  few  Hebrew  words  introduced. 

Should  the  suggestion  that  abies  is  Irom  abiex  be  correct,  the  following  table 
may  be  constructed :  — 

▲  BiBONUS,  ofjir. 

A  B  I  ■ 8  ,  thejir, 

p  I  ..  0  ..  ..  8  ,  pitch, 

r  ..  A  0  ..  ..  8 ,  a  torch, 

F  ..  o  G  ..  u  8 ,  a  hearth, 

n  e  if  K  „  ft  „  ,  the  pine, 

8-P  I  ..  88  ..  u  8  ,  den$e,  etc. 

Here  SPissus  is  probably  for  a^icsuSf  from  the  root  of  pac,  no.  ^^. 

In  the  following  examples,  a  few  of  the  words  are  not  placed  in  the  column  with 
those  having  the  same  initial  —  for  the  purpose  of  accommodating  modifications  of 
idea.  Thus,  Hungarian  $zak,  4  36,  stands  in  the  first,  instead  of  the  second, 
column. 
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2.  Supposed  Runic  Inscriptions.    By  Dr.  A.   C.  Hamlin,  of 
Bangor,  Maine. 

I  HAYS  the  pleasure  of  presenting  to  your  noUce  some  casts  in  plas- 
ter of  a  supposed  Runic  inscription,  which  appears  upon  a  ledge  of 
hornblende  on  the  island  of  Monhegan,  off  the  coast  of  Maine. 

It  was  my  first  intention  merely  to  present  these  casts,  without  mak- 
ing at  present  any  remarks,  but  as  I  have  been  requested  to  expreis 
my  opinions,  I  will  endeavor  to  give  some  explanation. 

I  will  not  venture  to  say  that  these  characters  are  Runic,  hut  will 
only  suggest  the  probability  of  their  being  made  by  some  illiterate 
Scandinavian,  whose  knowledge  of  the  Runic  form  was  very  imper- 
fect. l£  they  are  recognized  as  Runic,  they  belong  to  that  compouDd, 
complex,  and  pointed  class  which  renders  an  interpretation  extremelj 
difficult.  The  pointed  class,  however,  belongs  to  those  times  in  which 
the  Northmen  are  supposed  to  have  visited  our  shores, —  the  tenth, 
eleventh,  and  twelfth  centuries.  The  earlier  the  rune  the  more  siiB- 
pie  it  was  in  form  and  the  more  easy  of  translation,  but  the  modifica- 
tions and  corruptions  of  later  periods  have  confused  and  changed  the 
character  in  a  great  degree.  There  were  complete  monographs  formed 
by  many  runes  clustered  upon  a  single  stem,  and  with  such  confused 
and  irregular '  lines  that  interpretation  was  almost  impossible.  As 
illustrations  of  the  subject  I  have  drawn,  upon  the  blackboard,  some 
examples  from  the  Binderuner  and  from  the  pointed  class — aline 
of  marks  from  Sodor ;  another  from  a  brooch  found  at  Largs  ;  another 
from  the  Ferroe  Islands,  and  still  another  from  the  Kobelicher  Uune. 

To  give  an  example  of  the  difficulty  with  which  these  Runic  scrawls 
were  translated,  I  will  relate  the  instance  connected  with  the  assassi- 
nation of  Snorre  Thurleson.  A  note  written  in  Runes,  and  warning 
Snorre  of  the  danger  of  assassination  was  sent  to  him,  but  neither  he 
who  was  so  justly  titled  the  Northern  Herodotus,  and  who  was  so 
deeply  versed  in  the  lore,  nor  any  of  his  attending  friends  were  able  to 
interpret  its  meaning. 

There  is  among  the  Icelandic  accounts  of  the  early  voyages  to  thb 
country,  a  narration  which  serves  to  support  the  Scandinarian  theorj 
of  this  inscription. 
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Lief  the  Fortunate  sailed  in  the  year  1000  with  thirty-five  com- 
panies in  search  of  those  lands  which  Bjame  had  asserted  that  he  had 
seen  in  the  distance.  Afler  passing  Newfoundland,  which  they 
called  Helluland  and  Nova  Scotia,  to  which  they  gave  the  name 
Markland,  they  arrived  at  an  island,  after  sailing  two  days  and  nights. 
This  island  may  be  supposed  to  have  been  Monhegan,  from  the  follow- 
ing circumstances.  The  Northmen  saw  on  the  horizon  mountains 
blae  with  distance.  Such  the  Camden  Mountains  appear  to  the  ob- 
server at  Monhegan.  The  island  lay  direct  east  from  the  main  land. 
This  is  the  position  of  Monhegan.  From  this  island  they  sailed  into  a 
river  close  by,  and  were  wafted  by  the  tide  into  a  lake  whose  waters 
teemed  with  the  largest  and  finest  salmon.  Near  by  they  built  their 
booths,  which  they  called  Liefsbudir,  and  passed  the  winter. 

This  river  is  well  represented  by  the  Kennebec,  which  flows  into 
the  ocean  close  by  Monhegan,  and  Merry-Meetmg  Bay,  the  so-called 
confluence  of  the  Kennebec  and  Androscoggin  Rivers  corresponds  ad- 
mirably to  the  lake  before  mentioned.  Moreover,  I  am  informed  by 
Mr.  Williamson,  the  historian  of  the  State,  that  about  two  centuries 
ago,  the  early  settlers,  when  clearing  the  lands  on  the  banks  of  the 
Kennebec  above  its  confluence,  discovered  what  appeared  to  be  the 
remains  of  chimneys  and  mouldering  ruins,  over  which  grew  an  an- 
cient forest  These  may  have  been  the  remains  of  Liefsbudir,  —  the 
relics  of  seven  centuries. 

If  this  scrawl  was  not  made  by  Lief  or  his  companions,  it  may  have 
been  made  by  £[arlsfne,  during  the  voyage  made  in  search  of  the  lost 
Torhall,  when  sailing  north  from  Vineland  he  came  to  lands  which 
presented  in  every  view  noble  and  majestic  forests ;  or,  perhaps,  by 
Thorwald  in  his  expedition  in  the  direction  of  Maine  in  the  year  1004. 

For  three  centuries  the  Icelandic  accounts  maintain  that  the  North- 
men visited  our  coasts,  and  it  is  not  improbable  that  some  of  the  bold 
Tickings  were  attracted  to  this  island  whose  advanced  position  and 
lofty  heights  presented  the  earliest  view  of  land  to  the  mariner  ap- 
proaching the  coast  of  Maine,  and  here  they  may  have  rudely  at- 
tempted to  commemorate  their  discovery,  or  inscribe  hurriedly  to  the 
memory  of  a  departed  comrade.  ' 

I  have  little  doubt  but  that  the  rock  on  which  this  inscription  occurs 
was  fissured  at  first  somewhat  by  nature,  and  that  the  advantage  was 
perhaps  embraced  by  the  Scandinavian,  but  I  would  like  to  inquire  of 
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By  Dr., 
Bangor,  Maine.        ^  ^  %  ^' 

I  HAVB  the  pleasure  of  presenting  to  yo^  \\%'  %^%^ 
ter  of  a  supposed  Runic  inscription,  wh|  i^\    ^    ./S»   *^' ' 
hornblende  on  the  island  of  Monhegan,  |  ?  %  »    V  '*i   ^      <-'■ 

It  was  my  first  intention  merely  ^^i  %%\%'^  \  \  "^  '  ' 
ing  at  present  any  remarks,  ^^^  ^  ^  tf  ^  \\%  \  \  ^  ^ 
my  opinions,  I  will  endeavor  ^  ^J^\\^  ^ 

I  will  not  venture  to  say  tha^  ^ -^  is:  \ 
only  suggest  the  probability  i  ^> 


V 


difficult.    The  pomted   ^  ^  ^       ^  ifi: 
the  Northmen  aresrjjl^^       \^ 
eleventh,  and  twelft*^  \W% 
pie  it  was  in  form  i'^\^^ 

tions  and  corrupt/  \\^  "*^"*y  ^^  efflorescent  salt, 

character  in  a  r/  /  jf  *  masonry  at  Fort  Adams,  New- 

by  many  run*'^  i  ^y  informed  you,  is  highly  destructive 

and  irregul'  }  .j) pears,  and  whoever  can  discover  a  com- 

illustratioR  ^^  its  formation,  such  as  to  admit  of  an  easy 

examples  .tice,  will  lay  engineers  and  builders  under  perpet- 

of  marV  I  have  thought  it  might  be  one  step  towards  so  desir- 

from  *         V  if  you  would  call  the  attention  of  such  chemists  as  may  be 

T  4ance  at  the  Albany  meeting  to  this  important  problem, 
we  jc  facts  are  briefly  these :  brick  masonry  laid  in  hydraulic  mortar^ 
r  J  exposed  to  the  action  of  sea  air,  soon  exhibits  an  efflorescence  over 
^e  entire  exterior  surface.  The  efflorescent  crystallization  first  forms 
iioder  the  outer,  hard  coating  of  the  brick,  and  then  an  exfoliation  of  brick 
scales  results.  The  harder  crust  being  gone,  each  successive  eiystal- 
lization  throws  off  a  portion  of  brick  dust,  until  in  a  few  years  an  incb 
or  two,  or  even  whole  bricks,  will  be  disintegrated.  The  softer  bricb 
are  more  rapidly  destroyed,  but  none  wholly  escape.    At  Fort  War- 
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.  >wme  of  arch  bricks  is  laid  in  fat  lime  mortar,  be- 

\      ^  Tdraulic  lime  has  been  found  to  be  very  great  in 

^  %;,      ^o  'Vice,    The  same  type  of  action  as  in  Brard's 

"^  ^^      ^  irabiKty  of  building  materials^  is  obviously  at 

^^^j^   ^       ^  liations  of  brick  masonry.     The  origin  of 

f^  ^"^  ^      ^  'ess>  in  great   part  from  the  hydraulic 

^  '^    <^  ^  ^         %  not  that  precise  knowledge  of  facts 

^  *^     <r/*  7»    ^^      "*'•>  nortant  a  matter.    The  whole  prob- 

>j^  'V  *^  ^£\^  \  ♦he  hands  of  chemists,  for  it  is 

^  ^^j^    -v^  *V  <<  he  engineer.  The  only  theory 

^^^^  '^  ^'*\^S  '*  o^  General  Totten,  the 


^  ti  '^  "'i^  ^     ''u        '  ^^^  saturating  or  coat- 

j/^^V*^J^     -i    *    <Jl,\,  the  dryness  neces- 


^<i  *  J^^%/**^   4^\  \  ^  es.    i>ryin^  is  an  essen- 

<v>\-  ■;'  •  ■ 

.^    ^^  -t  ^-t^  "V^  %^  •*  ^  soft  soap,  chlor- 

^  ^i  ^   ^  ^v^  *»  -/  obviate  efflorescence 

^'     ^^"W^  ^''y  results  in  large  masonry 

'^^^    #  ^u  it  is,  seems  too  much  like  an 

%  a  certainly  is  rather  treating  a  symptom 

aorescence  is  the  result  of  certain  chemical 
ury  masses ;  and  the  normal  remedy  would  seem 
tracing  out  of  these  reactions,  and  in  the  use  of  some 
«ient  to  prevent  or  modify  the  combining  processes  leading 
.  destructive  crystallization.     Any  method,  not  chemical,  would 
■4}em  of  doubtful  efficacy,  and  no  chemical  process  has  yet  been  em- 
ployed.   By  an  appeal  to  the  multitude  of  chemists,  it  is  possible  that 
some  one  may  hit  on  the  fortunate  siabilttcUor  of  existing  combinations, 
or  diveriar  from  efflorescent  combinations.     It  would  be  difficult  to  es- 
timate the  annual  value  of  a  process  answering  this  requirement  with 
practical  facility ;  but  it  would  be  of  immense  benefit,  even  on  our 
fortifications  and  light-houses  alone. 

Our  hydraulic  limes  contain  soda  and  potassa,  which  seem  to  pene- 
trate the  brick,  under  the  influence  of  the  sea  air,  and  thence  to  pro- 
trude under  new  combinations  in  crystab  of  the  character  now  trans- 
mitted. I  have  seen  two  or  three  embrasure  soles,  which  had  been  for 
several  years  essentially  unventilated,  on  which  a  crop  of  filamentous 
crystals  as  delicate  as  cotton  wool,  formed  a  coating  of  about  one  inch 

(19) 
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geologists  whether  crjstallization,  could,  by  its  fissures,  form  this  long 
series  of  characters ;  and  precluding  the  theory  of  diluvial  or  glacial 
agency,  whether  any  one  would  dare  to  ascribe  them  to  that  force 
hidden  and  mysterious  which  Camerarius  and  Toumefort  were  wont 
to  call  the  play  of  nature. 
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I.  MECHANICS. 

1  On  Efflorescence  froh  Brick  Masonrt.  By  Lieut  E.  B. 
Hunt,  U.  S.  Corps  of  Engineers.  (In  the  form  of  a  letter 
addressed  to  Professor  E.  N.  Horsford.) 

My  dear  Sir.  —  I  herewith  inclose  a  quantity  of  efflorescent  salt, 
scraped  from  the  surfaces  of  brick  masonry  at  Fort  Adams,  New- 
port. This  salt,  as  I  have  already  informed  you,  is  highly  destructive 
to  the  bricks  on  which  it  appears,  and  whoever  can  discover  a  com- 
plete preventive  against  its  formation,  such  as  to  admit  of  an  easy 
application  in  practice,  will  lay  engineers  and  builders  under  perpet- 
ual obligation.  I  have  thought  it  might  be  one  step  towards  so  desir- 
able a  result  if  you  would  call  the  attention  of  such  chemists  as  may  be 
in  attendance  at  the  Albany  meeting  to  this  important  problem. 

The  facts  are  briefly  these :  brick  masonry  laid  in  hydraulic  mortar, 
and  exposed  to  the  action  of  sea  air,  soon  exhibits  an  efflorescence  over 
the  entire  exterior  surface.  The  efflorescent  crystallization  first  forms 
under  the  outer,  hard  coating  of  the  brick,  and  then  an  exfoliation  of  brick 
scales  results.  The  harder  crust  being  gone,  each  successive  crystal- 
lization throws  off  a  portion  of  brick  dust,  until  in  a  few  years  an  indi 
or  two,  or  even  whole  bricks,  will  be  disintegrated.  The  softer  bricks 
are  more  rapidly  destroyed,  but  none  wholly  escape.    At  Fort  War- 
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ren  the  intrados  course  of  arch  bricks  is  laid  in  fat  lime  mortar,  be- 
cause the  effect  of  hydraulic  lime  has  been  found  to  be  very  great  in 
inducing  this  efflorescence.     The  same  type  of  action  as  in  Brard's 
process  for  testing  the  durability  of  building  materials,  is  obviously  at 
work  in  the  successive  exfoliations  of  brick  masonry.     The  origin  of 
the  efflorescent  salt  is,  doubtless,  in  great  part  from  the  hydraulic 
cement  and  brick,  but  there  is  not  that  precise  knowledge  of  facts 
which  ought  to  be  attained  in  so  important  a  matter.    The  whole  prob- 
lem needs  thorough  investigation  at  the  hands  of  chemists,  for  it  is 
altogether  a  chemical  one  and  not  one  for  the  engineer.  The  only  theory 
of  causation  of  which  I  am  aware,  is  that  of  General  Totten,  the 
chief  engineer,  who  reasons  thus  in  the  premises.    Drying  is  an  essen- 
tial condition  for  all  efflorescent  crystallization.    By  saturating  or  coat- 
ing with  substances  strongly  absorbent  of  moisture,  the  dryness  neces- 
sary for  efflorescence  may  be  prevented.     Solutions  of  soft  soap,  chlor- 
ide of  calcium,  bitter  water,  etc,  on  trial  seem  to  obviate  efflorescence 
in  small  pieces  of  brick,  but  give  unsatisfactory  results  in  large  masonry 
masses.     This  theory,  ingenious  though  it  is,  seems  too  much  like  an 
apphcation  of  main  strength,  and  certainly  is  rather  treating  a  symptom 
than  the  disease.     This  efflorescence  is  the  result  of  certain  chemical 
reactions  in  the  masonry  masses ;  and  the  normal  remedy  would  seem 
to  lie  in  a  clear  tracing  out  of  these  reactions,  and  in  the  use  of  some 
new  ingredient  to  prevent  or  modify  the  combining  processes  leading 
to  the  destructive  crystallization.     Any  method,  not  chemical,  would 
seem  of  doubtful  efficacy,  and  no  chemical  process  has  yet  been  em- 
ployed.    By  an  appeal  to  the  multitude  of  chemists,  it  is  possible  that 
some  one  may  hit  on  the  fortunate  siabilttcUor  of  existing  combinations, 
or  divertor  from  efflorescent  combinations.     It  would  be  difficult  to  es- 
timate the  annual  value  of  a  process  answering  this  requirement  with  . 
practical  facility  ;  but  it  would  be  of  immense  benefit,  even  on  our 
fortifications  and  light-houses  alone. 

Our  hydraulic  limes  contain  soda  and  potassa,  which  seem  to  pene- 
trate the  brick,  under  the  influence  of  the  sea  air,  and  thence  to  pro- 
trude under  new  combinations  in  crystals  of  the  character  now  trans- 
mitted. I  have  seen  two  or  three  embrasure  soles,  which  had  been  for 
several  years  essentially  unventilated,  on  which  a  crop  of  filamentous 
crystals  as  delicate  as  cotton  wool,  formed  a  coating  of  about  one  inch 
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deep.  In  most  instances,  wet  weather  runs  these  fine  crystals  into  a 
mass  or  crust,  from  which  new  ones  again  form  in  drj  weather. 
Whether  the  fact  that  the  efflorescence  in  question  is  limited  to  the 
seaboard,  finds  an  adequate  explanation  in  the  fogs  and  moisture  of  the 
sea  exposures,  I  cannot  say ;  but  this  cause  would  seem  to  be  inade- 
quate, and  if  so,  the  saline  ingredients  of  sea-water  must  take  part  in 
the  process.  The  transfer  of  sea  salts  in  spray  borne  by  the  wind,  is 
not  to  be  overlooked.  In  this  connection  it  may  be  well  to  call  atten- 
tion to  the  bearing  of  the  experiments  by  Yicat  and  others,  on  the 
destructive  action  of  sea-water  on  certain  mortars,  recorded  in  the 
Oomptes  Rendtu  and  elsewhere. 

It  is  a  general  fact,  that  the  chemistry  of  mortars  and  cements  needs 
additional  investigation ;  but  this  special  problem  of  efflorescence  from 
brick  masonry  is  one  more  urgent  than  the  others,  as  the  lack  of  a 
proper  solution  is,  to  a  considerable  extent,  prohibiting  seaboard  bride 
.masonry,  and  compelling  a  resort  to  more  expensive  stone  constractions. 


U.  MISCELLANEOUS. 

1.  On  Systematizing  the  Abbreviations  of  Titles  op  Peri- 
odicals, Transactions,  etc.  By  Lieut  E.  B.  Hunt,  U. 
S.  Corps  of  Engineers.  (In  the  form  of  a  letter  to  Professor 
A.  D.  Bache.) 

In  preparing,  under  your  direction,  an  Index  of  the  titles  of  papers  «i 
subjects  involved  in  the  operations  of  the  Coast  Survey,  gathered  from 
all  the  Scientific  Periodicals,  Transactions,  Memoirs,  etc,  to  which  I 
can  obtain  access,  one  unanticipated  difficulty  has  again  and  agaia 
perplexed  me.  Every  title  which  I  take  out  must  contain  an  abbre- 
viation of  the  title  of  the  work  from  which  it  is  taken  ;  hence  I  have 
been  obliged  to  write  many  thousands  of  these  abbreviations  while 
gathering  the  materials  for  this  Coast  Survey  Index.    It  is  therefore 
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a  matter  of  considerable  moment  that  those  abbreviations  should  be  as 
brief  as  possible  while  serving  their  primary  purpose.  The  special 
difficulty  to  which  I  refer  is,  that  there  is  no  authentic  code  of  abbre* 
Tiations  in  general  use,  and  that  many  of  those  particular  forms  which 
I  have  encountered  are  long,  unwieldiy,  indeterminate,  and  conflicting. 
In  many  instances  I  have  to  coin  abbreviations,  and  in  many  others 
there  are  insuperable  objections  to  such  as  are  now  more  or  less  in 
vogue. 

This  subject  is  more  important  than  it  might  at  first  appear,  for  these 
abbreviations  are  not  only  written  and  printed  thousands  of  times  each 
year,  but  every  cultivator  of  science  must,  as  a  part  of  his  special 
training,  become  familiar  with  the  abbreviations  which  concern  his 
own  departments  of  research,  as  a  kind  of  special  alphabet  Hence 
the  abbreviated  forms  ought  to  be  as  short  as  possible  without  losing 
distinctness,  to  save  needless  writing  and  memorizing.  This  will  be 
better  appreciated  when  we  bear  in  mind  that  the  Ibt  of  Agassiz  and 
Strickland  contains  one  thousand  two  hundred  and  eighty-four  titles 
of  acts,  journals,  and  collections  of  papers  on  zoology  and  geology 
alone,  without  being  complete  even  on  those  subjects,  while  each  of 
these  titles  must  probably  have  one  or  more  abbreviations  in  use. 
We  ought  not  to  forget  that  we  are  even  now  but  at  the  beginning  of 
scientific  expansion,  and  that  each  succeeding  year  is  bringing  into 
being  accessions  to  the  long  array  of  scientific  records.  It  is  therefore 
of  the  greatest  prospective  importance  that  principles  for  abbreviating 
titles  should  now  be  settled,  and  that  practice  should  as  rapidly  as  pos- 
sible be  brought  to  a  uniformity  based  on  these  principles.  In  1856 
we  should  bear  in  mind  that  the  year  2000  is  to  come,  and  that  then 
the  records  of  science  will  be  found  under  at  least  a  myriad  of  sepa- 
rate periodical  titles,  and  each  series  will  contain  matters  for  future 
reference,  just  as  we  now  refer  to  the  various  early  series  of  Trans- 
actions for  the  investigations  of  our  predecessors.  The  results,  on 
being  aggregated,  would  doubtless  make  a  proper  subject  for  publi- 
cation by  the  Smithsonian  Institution.  It  seems  to  me  that  some 
plan  of  this  general  character  would  be  feasible.  Should  the  Ameri- 
can Association  share  this  impression,  it  is  in  its  power  to  initiate  the 
measure,  and  test  its  practicability  with  no  fear  of  bad  results.  The 
demand  of  coming  generations  will  be  for  freedom  of  memory,  and  our 
duty  is  to  make  their  mnemonic  burdens  a  minimum. 
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I  will  cite  here  a  few  instances,  and  these  not  the  [worst,  to  show 
how  unsettled  and  chaotic  our  existing  practice  of  abbreviation  is. 
The  American  Journal  of  Science  is  abbreviated  to 

Am.  J.  Sci.f  hj  Prof.  Dana,  one  of  the  editors. 

Am.  J.,        1 

Amer.  J.,       >  bj  Agassiz  and  Strickland,  in  Index 

Amer.  Jour.f  J 

Jour,  of  Sct.f  by  Poole,  in  his  Index. 

Sill.  Am,  J.f  by  Liebig  and  Kopp,  in  Annual  Report,  etc. 

SiUrn.  J.,  hj  Dr.  Schabarth  in  his  new  Repertoriam. 

The  Philosophical  Transactions  of  the  Roy.  Soc  London,  are  ab 
breviated :  — 

Pha.  Tr.,      )  ^    ^^gf^ij^  3„d  Strickland. 

PhUos.  TVansad.,  by  Kenss,  in  his  Kepertorinm. 
PA.  tr.,  by  Dr.  Young,  in  his  Index. 

The  Comptes  Beudus  as  follows :  -^ 

Compt.  Rend.,  by  Liebig  and  Eopp. 

Compt.  r.,  by  Schubarth. 

C.r., 


an., 

Comptes  Rendus, 
Compt.  Bend., 


by  Agassiz  and  Strickland. 


The  French  Academy  and  Institute  Memoirs  are  thus  abbrevi- 
ated :  — 

Mem.  de  Paris.,  by  Reoss. 
;^;J;'}  by  Young. 

Mim.  Acad.  Sc.  Par.,     ' 

M€m.  Acad,  des  Sc.,         ,      .        .       ,  a^  .,     , 

M€m.  Sav.  Or.,  '^  ^^^''^  ">*  StnckUnd. 

M.€m.  8.  Pr€8.  a  VAcad., 

Mem.  Inst.,  is  common  for  the  later  Memoirs. 

This  chaotic  diversity  is  common  to  nearly  all  abbreviations  in  the 
above-cited   works,  where  they  must  have   received   rather  special 
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deliberation,  and  by  referring  to  individual  modifications  by  separate 
investigators,  a  perfect  Babel  of  usage  will  be  found.  That  this 
is  a  real  evil,  I  assume  none  will  question.  Can  it  be  corrected,  is  a 
question  on  which  different  opinions  will  probably  be  found  to  exist. 
Certainly  correction  cannot  come  without  some  effort,  and  without 
the  aid  of  time.  There  is  time  enough  ;  there  ought  to  be  effort  enough. 
Things  cannot  be  worse,  for  there  is  now  nothing  fixed.  Conserva- 
tism has  nothing  to  fear  in  this  instance. 

It  has  occurred  to  me  as  a  plan  which  would  stand  a  respectable 
chance  of  success  for  the  American  Association  to  initiate  a  reform 
by  consigning  the  subject  to  a  special  committee  with  instructions  to 
invite,  in  behalf  of  the  Association,  the  cooperation  of  other  countries 
concerning  their  own  periodicals,  etc  Thus,  for  instance,  the  Am. 
Assoc  might  fix  such  abbreviations  for  all  American  scientific  issues. 
It  might  by  correspondence  invite  the  codperation  of  the  British  Asso- 
ciation or  Phil.  Soc  for  British  periodicals,  etc 

Some  principles  of  abbreviation  might  here  be  elaborated,  but  I 
shall  only  say  in  brief:  First,  that  abbreviations  should  be  as  brief  as 
possible  without  becoming  obscure.  The  motto  should  be,  ^  Abbrevia- 
tions that  are  abbreviations."  Secondly,  only  the  leading,  character- 
istic words  of  a  title  should  find  place  in  an  abbreviation.  Connecting 
particles  should  be  thrown  out.  The  possessive  or  genitive  form, 
which  is  by  far  the  most  frequent,  can  be  easily  disposed  of  by  using' 
the  apostrophe  or  possessive  sign  for  of  or  of  the.  Thus,  Am.  J.'  Sci. ; 
J.'  Soc'  Ai-ts.  Thirdly,  certain  words  of  very  frequent  occurrence 
should  be  reduced  to  their  initial  as  an  abbreviation ;  as  J.  for  Jour- 
nal; M.  for  Memoirs;  N.  for  New,  Nouvelle,  Nuovo,  Neue,  Nova;- 
others  to  two  initials,  as  Ph.  for  Philosophical;  Tr.  for  Transactions;* 
An.  for  Annals  ;  Ac.  for  Academy,  etc  In  general  the  abbreviation 
for  the  same  word,  when  frequently  occurring,  should  be  constant  and 
a  practical  minimum  in  all  combinations,  and  when  possible,  the  same 
in  different  languages.  Fourth,  location  should,  as  a  general  rule,  en- 
ter each  abbreviation  in  some  form  ;  as,  M.'  Ac'  Par.  for  the  Paris 
Academy  Memoirs ;  Am.  Ph.  Tr.,  American  Philosophical  Transac- 
tions. These  hints  will  suffice  to  show  that  there  are  principles  in 
this  matter  which  should  be  carefully  elaborated  and  weighed. 

It  may  be  that  the  coinage  of  abbreviations  under  compulsion  which 
has  fallen  to  my  lot,  leads  me  to  attach  an  undue  importance  to  the 
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subject,  but  I  am  confident  that  a  like  experience  would  make  most 
persons  quite  as  desirous  of  seeing  an  estcUdisked  code  of  ahbreviaJtiim 
for  all  the  world  as  I  have  become. 

Very  truly,  yours,  &c. 

E.  B.  HUNT,  Lieut.  Corps  of  Bug's. 


The  following  papers  were  presented  and  most  of  them  were  read.    They  are  not 
printed,  because  no  copy  was  famished  for  publication :  — 

I.    MATHEMATICS  AND  PHYSICS. 

1.  The   Elements    of   Potential  Arithmetic.     By    Benja- 

min Peirce, 

2.  Analytical  Discussion  op  the  Motion  op  a  Body  undeb 

the  Action  of  Central  Forces.    By  Benjamin  Peirce. 

3.  Morphological   Discussion   op  the  Laws    op    Central 

Forces.    By  Benjamin  Peirce. 

4.  Motion  op  a  Body  upon  a  Solid  op  Reyolution,  week 

THE  Force  is  directed  towards  a  point  upon  the  Axis. 
By  Benjamin  Peirce. 

5.  On  the  Increase  op  Accuracy  in  the  Mean  Result,  bt 

Augmenting   the  number  op  Observations.      By  Dr.  C 
H.  F.  Peters. 

6.  On   the   Interpretation    op    some    Casks    op   Apparent 

Geometric  Discontinuity.    By  J.  B.  Cherriman. 

7.  Note   on   the   Rotation    op  a   Rigid   Body.    By  J.  B. 

Cherriman. 

8.  The   Fundamental  Numeric  Series,  and  Ditergence  of 

Radiating  Parts,  reduced  to  a  Simple  Organologicii 
Idea.     By  Dr.  T.  C.  Hilgard. 


MATHEMATICS   AND   PHYSICS.  223 

9.  Report   on   the   Present    State  op  Organic  Chemistry. 
By  Dr.  Wolcott  Gibbs. 

10.  On  the  Advantage  of  Observing  a  Lunar  Spot  instead 
of  a  Limb,  in  transits,  for  determining  the  Differ- 
ence OF  Longitude.     By  Dr.  C.  H.  F.  Peters. 

IL  Researches  concerning  the  Comets  of  1788  and  1793. 
By  Dr.  C.  H.  F.  Peters. 

12.  On  the  Next  Appearance  of  the  Periodical  Comet  of 

Thirteen  Years.     By  Dr.  C.  H.  F.  Peters. 

13.  On  the  Physical  Peculiarities  of  Comets.    By  Stephen 

Alexander. 

14.  A  Report  on  the  New  Methods    of   Observation   now 

IN    USE   AT   THE    CINCINNATI   OBSERVATORY: 

1.  New  method  of  right  ascension,  as  to  its  limit  of  accuracy. 

2.  New  method  of  declination,  as  to  its  limit  of  accuracy. 

3.  New  method  of  determining  personal  equation  and  personal  error. 

4.  New  method  of  determining  instrumental  errors. 

5.  New  method  of  determining  clock  errors. 

6.  Ohservations  on  changes  of  figure  of  materials. 

By  O.  M.  MiTCHEL. 

15.  On  the  Results   of   the   United    States   Astronomical 

Expedition   to    Chili,  for   the    Determination  of  the 
Solar  Parallax.     By  B.  A.  Gould,  Jr. 

16.  On   some  Special  Arrangements  of  the  Solar  System, 

WHICH    SEEM   TO    CONFIRM   THE   NeBULAR   HYPOTHESIS.      By 

Stephen  Alexander. 

17.  Tidal     Currents    in    Saturn's     Ring.        By     Benjamin 

Peirce. 

18.  On  the  Relative  Age  of  the  different  portions  of  the 

Moon's    Surface,   and    the    Catastrophe   to   which  a 

LARGE    portion     SEEMS     TO     HAVE    BEEN     SUBJECTED.        By 

Stephen  Alexander. 

19.  Further    Investigation    relative    to    the    Form,    the 
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Magnitude,  the  Mass,  and  the  Orbit  of  the  Asteroid 
Planets.    By  Stephen  Alexander. 

20.  On  Tables  of  the  Asteroids.     B7  F.  Brunnow. 

21.  On   Temporary   Stars,  and   the   Spheroidal   Origin   of 

THE  Forms  of  Clusters  and  Nebulje.  By  Stephen 
Alexander. 

22.  On   the   Phenomena    of    the    Discharge    op    Ordinary 

Electricity.    By  Joseph  Henry. 

23.  Remarks  on  the  Use  of  the  Aneroid  Barometer. 

24.  On    a    Modification    of    Noremburg's  Apparatus.      By 

Sanderson  Smith. 

25.  Report    on    the  Observatory  at   Toronto.      By  J.  B. 

Cherriman. 

26.  On   the   Production   of   Rotary    Currents   in  Air  and 

OTHER  Gases;  with  a  Special  Illustration  of  a 
Rotary  Current  rendered  Luminous  by  Flame  and 
Incandescent  Charcoal.    By  Dr.  D.  B.  Reid. 

27.  On  the  Formation    op   Air   Bubbles   by  Drops  falling 

ON  THE  Surface  of  Water,  etc.  By  William  B. 
Rogers. 

28.  On    Certain    Movements    of    Ponderable   Bodies,   and 

Certain  Sounds  which  cannot  be  Traced  to  any 
KNOWN  Physical  Cause.    By  Dr.  Hare. 

29.  On  the  History  and  Theory  of  the  Instruments  known 

AS      ROTASCOPES,      GYROSCOPES,     ETC.         By     WiLLIAM     R 

Rogers. 

30.  On  THE  Forms  of  the  Atoms  of  the  Simple  Substances 

OF  Chemistry,  as  Indicated  by  their  Atomic  Weights, 
By  Stephen  Alexander. 

31.  Researches    on    the    Ammonia-Cobalt    Bases.     By   Dr. 

WoLCOTT  GiBBS,  AND  Dr.  F.  A.  Genth. 

32.  Remarks  on  Ozone  Observations.    By  William  B,  Rog- 

ers. 


MATHEMATICS   AND    FHTSIC8.  225 

33.  On  the  Modifications  of  Sesquioxide  of  Chbomium.    By 

e.  n.  horsford. 

34.  On   the   Waters    of    the    St.   Lawrence    and    Ottawa 

Rivers.     By  T.  Sterry  Hunt. 

35.  Notice  of  a  Locality  of  Gigantic  Crystals  of  Alla- 

NiTE,  WITH  Specimens.     By  Willlam  P.  Blake. 

36.  On  a  Possible    Modification   op  one   of  the   Methods 

OF  Ascertaining  the  Density  of  the  Earth.  By  Stephen 
Alexander. 

37.  Discussion  of  the  Terrestrial  ^Lignetic  Elements  for 

the  United  States,  from  Observations  in  I-he  Coast 
Survey  and  others.     By  A.  D.  Bache,  and  J.   E.  Hil- 

GARD. 

38.  Notice  of   Observations   to    Determine   the    Cause    of 

THE  Increase  of  Sandy  Hook;  made  by  the  Coast  Sur- 
vey, for  the  Commissioners  on  Harbor  Encroachments 
OF  New-York.    By  A.  D.  Bache. 

39.  Notice  of  Observations  to  Determine  the  Progress  op 

the  Tidal  Wave  of  the  Hudson  River,  made  by  the 
Coast  Survey  for  the  Commissioners  on  Harbor  En- 
croachments.   By  A.  D.  Bache. 

40.  On    the   Annual    Duration   of  Sunlight  on  the  Earth 

in  Different  Latitudes.     By  L.  W.  Meech. 

41.  On  the  Altitude  and  Physical   Structure   of  the  Ap- 

palachian System  in  the  Region  of  the  Black  Moun- 
tains IN  North  Carolina,  compared  with  those  op  the 
White  Mountains  in  New  Hampshire.     By  A.  Guyot. 

42.  Observations    on    the    Andes    in    Bolivia.      By    J.    R. 

LOOMIS. 

43.  The  Plan  op  Reduction  op  the  Meteorological  Obser- 

vations REPORTED  TO  THE  SMITHSONIAN  INSTITUTION, 
ADOPTED   BY   THE    SECRETARY.      By  JaMES    H.    CofFIN. 
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44.  On  an  Improvement   in   the  Anemometer.    Bj  Charles 

Smallwood. 

45.  Description  op  an  Unique  Form  of  Hail  or  Sleet.     By 

Edward  Hitchcock. 

46.  A  Brief  Exposition  op  the  Absurdity  op  the  Doctrinb 

which  represents  that  any  Storm  can  be  a  travel- 
ling Whirlwind,  unless  as  a  Consequence  of  Ckn- 
TRiPETAL  Currents  ;  or  that  if  due  to  such  Currents, 
it  can   have   a  diameter  much  more  than  eighty-one 

TIMES  THE  HEIGHT  OF  THE  STRATUM  OF  THE  AtMOSPHEBE 
WITHIN   WHICH   IT   MAT  BE    GENERATED.      By   Dr.    HaRE. 

47.  On  the   Meteorological   Phenomena   during   the  Epi- 

demic OF  1855,  AT  Portsmouth,  Virginia.  By  Nathan 
B.  Webster. 
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48.  On  some  Points  in  the  Qeologt   of  the  Upper  Missis- 

sippi Valley.    By  James  Hall. 

49.  On  the   Carboniferous   Limestones   of  the   Mississippi 

Vallet.    By  James  Hall. 

50.  Generalities  op  the  Geologt  of  Oregon  and  Northebit 

California.    By  J.  S.  Newberrt. 

51.  The  Metamorphic  Action  of  Silicious  Thermal  Springs. 

By  J.  S.  Newberrt. 

52.  Sketch  of  the  Progress  of  Geologt  in  Alabama.  By 

M.   TUOMET. 

53.  The  Permian  and  Triassic  Ststems  of  North  Carolina. 

By  Ebenezer  Emmons. 

54.  Some   Observations    on   the    Coal-Fields    of    Illinois. 

By  R.  P.  Stevens. 
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55.  NOTICB   OP    A    R£MARKABLB    INSTANCE   OP  INCLINED    STRATI- 

FICATION IN  Warren  county,  New  York.     By  J.  D.  Whit- 
net. 

56.  Lateral    Disturbance   in   the    Surface  Strata  in  the 

Sandstone  Quarries  of  Newark,  New  Jersey.    By  Ed- 
ward Hitchcock. 

57.  On  soke  Euphotides,  and  other  Felspathic  Rocks.    By 

T.  Sterry  Hunt. 

58.  On  the  Serpentines  of  the  Green  Mountains,  and  some 

OP  THEIR  Associates.    By  T.  Sterry  Hunt. 

59.  Observations  on  the  Geology  of  the  Region  between 

THE   Mississippi   and   the  Pacific  Ocean,  with  a  Map. 
By  William  P.  Blake. 

60.  On  the   Results   of   Collections   of  Fossils  during  a 

PERIOD  of  Ten  Years  in  the  Limestones  of  the  Lower 
Helderberg.    By  James  Hall. 

61.  Proofs  of  the  Protozoic  Age  of  some  of  the  altered 

Rooks   of   Eastern  Massachusetts,  from  Fossils  re- 
cently DISCOVERED.      By  WiLLIAM  B.   RoGERS. 

62.  The  Deposits   of   Fossil  Fishes  and   Reptiles   of  Lin- 

ton, Ohio.    By  J.  S.  Newberry. 

63.  The  Tertiary  Flora  of  the  Upper  Missourl     By  J.  S. 

Newberry. 

64.  On  the  Geological   Position   of   the   Remains  of  the 

Extinct  Peccary  of  the  North-west.    By  J.  W.  Foster. 

65.  Together  with  some  Observations  on  their  Dentology. 

By  Jeffries  Wyman. 

66.  Description  of  a  Fossil  Shell  found  in  the  Sandstone 

of  the   Connecticut   Valley,   probably  belonging  to 
THE  Genus  Spherulites.    By  E.  Hitchcock,  Jr. 

67.  Exhibition  of  Fossil    Cetacea   from   Maine.    By  A.  C. 

Hamlin. 
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68.  McD-NEST8  OP  THE  Tadpole,  Reoent  AND  FossiL.     By  Ed- 

ward Hitchcock. 

69.  On  Animal   Development  :   Part  I.   The  Ego  ;    Part  IL 

The  Embryo  ;  Part  III.  One-celled  Animals.  Bj  Louis 
Agassiz. 

70.  On  Viviparity  and  Oviparity.    By  Louis  Agassiz. 

71.  On  the  Classification  op  Turtles.    By  Louis  Agassiz. 

72.  On  the  Organization   of  the  Acanthocephala.    By  D. 

F.  Weinland. 

73.  On  the  Influence  of  Light  and  Water  on  the  Direc- 

tion OF  the  Plumule  and  Radicle  in  the  Germination 
OF  THE  Seed.    By  James  Dascomb. 

74.  Queries    relative  to    some   Indications   of   Human  In- 

stinct, AS  Illustrated  by  Primitive  Arts.  By  Daniel 
Wilson. 

75.  The  Value  of  Physical  Conformation  as  an  Ele3(ent 

OF  Ethnological  Science.    By  Daniel  Wilson. 

76.  Considerations    upon    the    Evidences    of    the    Early 

Voyages  of  the  Scandinavians  to  this  Country,  and 
upon  the  Cosmical  Myths  supposed  to  relate  to 
America.    By  A.  C.  Hamlin. 
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HISTORY  OP  THE  MEETING. 

The  Tenth  Meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  was  held  at  Albany,  N.  Y.,  commencing  on  Wednes- 
day, August  20,  and  continuing  to  Thursday  noon,  August  28. 

The  number  of  names  registered  in  the  book  of  members  in  attend- 
ance on  this  meeting  is  three  hundred  and  eighty-one.  Two  hundred 
and  six  new  members  were  chosen,  of  whom  all  but  thirty-eight  have 
aheady  accepted  their  appointment,  paying  the  assessment  and  signing 
the  constitution.  Thirty-one  others  have  joined  the  Association  by 
virtue  of  Rule  2  or  3.  Seven  others  have  paid,  without  a  formal  elec- 
tion, or  signing  the  constitution.  One  hundred  and  forty-six  papers 
were  presented ;  most  of  which  were  read,  but  only  a  part  have  been 
printed.  Some  were  thought  unworthy  of  publication,  and,  in  other 
cases,  copies  have  not  been  furnished  by  their  authors. 

The  sessions  of  the  Association  were  held  in  the  capitol  of  the 
State. 

The  meeting  was  opened  by  a  prayer  from  Rev.  William  B. 
Sprague,  D.  D.  Then  the  President,  Professor  James  Hall,  made  the 
following  Address :  — 
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Gentlemen  of  the  Association  fob  the  Advancement  or 
Science:  —  On  taking  the  chair  as  President  of  this  Association,  I 
should  do  injustice  to  my  own  feelings  were  I  not  to  express  to  joo 
my  sincere  and  heartfelt  appreciation  of  your  kindness  and  confidence 
in  honoring  me  with  your  choice,  —  esteeming  that  expression  of  joar 
regard  hoth  as  a  personal  favor  and  as  a  tribute  to  the  science  in  whose 
cause  I  am  the  earnest  devotee  and  laborer.  Left  to  myself  I  could 
'  never  have  assumed  the  position  or  its  responsible  duties ;  but  your 
partiality  almost  makes  me  forget  my  own  unfitness ;  —  still  I  hesitate, 
as  I  am  about  to  assume  the  obligations  which  have  been  so  well  and 
so  ably  discharged  by  those  of  my  fellow  members  who  have,  with  so 
much  honor  and  dignity,  filled  this  place. 

To  my  friends  around  me  I  look  for  aid  and  counsel,  for  the  right 
and  impartial  discharge  of  the  duties  devolving  upon  me ;  and  to  yon. 
Gentlemen  of  the  Association,  I  must  appeal  for  that  kind  forbearance 
which  may  serve  in  some  degree  to  render  my  duties  less  onerous,  and 
my  failures  less  embarrassing. 

We  have  again  met  together  ader  the  usual  interval,  to  compare  the 
results  of  our  labors  in  the  service  of  Truth,  —  for  Science  is  only  an- 
other expression  for  the  trtie  in  the  Universe.  We  have  come  not  only 
from  all  parts  of  the  United  States,  but  I  see  around  me  others  who 
dwell  amid  different  social  and  political  surroundings.  But  here  we 
all  meet  upon  common  ground,  and  with  a  common  object  in  view. 

Science  recognizes  no  artificial  boundaries,  —  the  heavens  present  no 
civil  or  political  divisions,  —  nor  do  the  formations  of  the  earth  od 
which  we  stand  recognize  the  limits  of  states  or  countries. 

Is  it  strange,  then,  that  we  should  forget  artificial  distinctions  and 
divisions,  in  the  pursuit  of  the  great  objects  in  which  we  are  en- 
gaged, —  each  one  viewing  the  labor  of  his  fellows  with  that  generoos 
spirit  which  places  it  in  its  true  position  in  the  scale  of  merit 

We  come  together  not  to  proclaim  dogmas  but  to  contribute  our 
atoms  of  truth  to  the  great  fabric  of  Science.  We  have  all  gone  back 
to  tlie  manifestations  of  the  great  Creator  of  the  Universe  for  the 
study  of  those  truths  and  those  laws  which  were  conceived  by  one  mind 
and  impressed  by  one  wiU  upon  all  created  things. 

The  scintillations  from  yonder^  heavens,  and  the  scarcely  less  brfl- 
liant  gems  of  earth,  tried  by  the  laws  of  physics  and  of  chemistry,  wiD 
be  displayed  before  us.     The  development  of  vitality  and  the  problem 
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of  life,  in  its  past  and  its  present  phases,  will  not  be  the  least  interest- 
ing exhibition  of  our  labors,  and  all  these  are  to  be  woren  together  in 
one  harmonious  whole,  to  constitute  our  Science. 

The  title  of  our  Association  distinctly  proclaims  its  objects.  It  is 
for  the  advancement  of  Science,  and  not  for  its  diffusion,  that  we  meet 
It  is  in  the  hope  of  communicating  new  truths,  and  of  adding  some- 
thing to  the  common  stock  of  knowledge  that  we  have  associated  our- 
selves. 

To  those,  therefore,  who  are  not  of  us,  but  who,  nevertheless,  honor 
us  with  their  countenance  and  presence,  we  maj  excuse  ourselves  for 
making  no  popular  display,  and  for  discussing  questions  purely  in  their 
scientific  relations. 

But  it  is  not  to  be  understood  from  this,  that  our  labors  have  no 
relation  to  the  requirements  of  the  active  world  around  us ;  —  scarcely 
an  intelligent  person,  but  must  feel  that  Science  has  done  much  for 
honian  advancement. 

It  is  no  degradation  to  Science  to  put  her  hand  to  the  plough,  the 
loom,  and  the  anvil,  to  speed  the  traveller  on  his  way  at  such  a  rate 
that  the  term  travelling  will  soon  become  obsolete,  and  to  convey  intel- 
ligence from  man  to  man  over  wide  distances  even  in  advance  of  time 
itself. 

All  this  and  much  more,  which  this  occasion  will  not  allow  me  to 
speak  of,  has  Science  done  for  practical  life ;  —  and  in  all  this  she  has 
advanced  civilization,  —  has  promoted  the  comforts,  the  happiness,  and 
well-being  of  mankind.  Is  she  not,  therefore,  as  a  handmaid,  worthy 
of  your  consideration,  worthy  of  being  recognized  and  inquired  of  by 
the  recipients  of  her  bounty,  whether  her  convenience  or  welfare  may 
not  be  promoted  in  some  degree  or  in  some  manner,  that  she  may  the 
more  rapidly  advance  those  great  objects  and  interests  which  lie  at  the 
foundation  of  modem  civilization? 

Before  concluding  I  cannot  forbear  calling  your  attention  to  the  cir- 
cumstance that  we  are  now  assembled  under  the  same  roof  where  our 
Association  in  embryo  first  met,  and  where  the  true  hearts  and  kindly 
spirits  of  some  among  our  departed  colleagues  first  held  counsel  upon 
the  question,  then  momentous,  whether  American  scientific  men  could 
be  prevailed  upon  to  unite  in  a  harmonious  confraternity  for  the  ad- 
vancement of  their  cause. 

In  yonder  chamber,  eighteen  years  ago,  sat  half  a  dozen  men  who 
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had  jast  returned  from  the  arduous  field-labors  of  the  year,  and  were 
comparing  their  observations  one  with  another,  and  each  one  commoni- 
eating  freely  new  fiicts  and  new  conclusions,  for  the  harmonious  work- 
ing of  the  whole  in  a  single  science.  This  labor  over,  the  question  of 
inviting  other  laborers,  in  the  same  field  of  science,  to  join  them  in 
similar  interchange  of  views,  facts,  and  results,  was  discussed ;  on  the 
one  hand  with  sanguine  hope,  and  on  the  other  with  timid  doubt. 

A  second  year  the  same  parties  were  assembled  in  the  same  room, 
and  around  the  same  table,  when  the  subject  was  agdn  discussed,  and 
what  had  before  appeared  desirable  now  seemed  a  pressing  necessity, 
and  it  was  decided  to  take  some  action. 

The  youngest  member  of  that  group,  who  felt  himself  too  inexpe- 
rienced to  take  any  prominent  part  in  these  discussions,  stands  before 
you  to  advocate,  not  his  own,  but  the  merits  of  his  colleagues ;  and, 
though  the  birth  of  the  Association  was  proclaimed  in  a  sister  city,  we 
claim  for  our  own  city  the  inception  of  the  Association  of  American 
Geologists,  of  which  our  present  Association  for  the  Advancement  (jf 
Science  is  the  legitimate  heir. 

Gentlemen,  again  asking  your  attention  not  so  much  to  the  strict 
letter  as  to  the  spirit  of  our  Constitution,  I  shall  announce  that  oor 
assembly  is  organized  for  the  transaction  of  business. 


At  the  conclusion  of  the  President's  address,  the  Hon.  Amasa  J. 
Parker,  in  behalf  of  the  Local  Committee  and  the  citizens  of  Albany, 
welcomed  the  members  of  the  Association  in  these  words :  — 

Mb.  President  anix  Gentlemen  op  the  Association:— 
As  a  member  of  the  Local  Committee,  the  agreeable  duty  has  been 
devolved  upon  me  of  welcoming  you,  at  this  tenth  annual  meeting 
of  the  Association,  to  our  State  and  city.  We  recur  with  pleasure 
to  the  fact  that  this  is  the  second  time  we  have  been  honored  by  yoor 
presence  within  the  last  five  years ;  and  we  trust  our  dty  may  be 
found  so  desirable  a  point  for  the  sittings  of  the  Association,  with 
reference  to  its  locality,  its  public  institutions,  the  love  of  science,  and 
the  energetic  devotion  of  many  here  to  its  interests,  as  to  lead  to  its 
selection   frequently  hereafter  as  the  place  of  meeting.     We  shall 
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always  stand  ready  to  extend  to  all  its  members  and  to  all  who  are 
attracted  to  its  meetings,  as  we  now  do,  a  most  cordial  welcome. 

The  hopes  of  science  in  this  country  centre  in  this  Association.  It 
embraces  the  most  learned  men,  not  only  of  our  own  country,  but  of 
the  whole  American  continent.  We  are  proud  of  the  reputations  of 
oar  men  of  science,  already  commanding  the  respect  and  admiration 
of  the  Old  World.  Who  is  not  proud  of  the  reputations  of  Henry, 
Silliman,  Hall,  and  Bache  ?  Who  does  not  rejoice  that  the  love  of 
science  of  the  great  Franklin  is  continued  in  his  descendants  ?  Who 
is  not  proud  of  Peirce,  Mitchel,  and  Dana,  and  the  many  others  who 
are  by  no  means  to  be  considered  as  forgotten  on  an  occasion  like  this 
because  not  specially  named  ?  Who  does  not  rejoice  that  Agassiz,  the 
great  European  Naturalist,  was  attracted  to  make  our  country  his  res- 
idence, as  well  by  the  congeniality  of  his  associates  here,  as  by  the 
wide  field  afforded  for  scientific  exploration  ? 

We  claim  with  pride  our  full  share  in  the  great  scientific  discoveries 
of  the  age.  But  we  must  never  forget  that  science  has  no  country,  — 
that  it  is  limited  only  by  the  Universe  of  God, —  that  it  is  but  the 
development  of  truth  which  pervades  all  the  works  of  the  Creator, 
revealed  to  its  votaries  in  proportion  to  the  merit  with  which  it  is 
pursued,  rewarding  with  its  attainment,  not  only  those  who  seek  for 
knowledge  for  the  intrinsic  pleasure  its  acquisition  affords,  but  blessings 
in  some  form,  the  whole  human  race,  by  its  benign  aid  to  the  advance- 
ment of  agriculture,  commerce,  and  manufactures.  Science  thus  re-^ 
wards  all,  by  affording  to  some  the  highest  mental  enjoyment,  and  to 
others  a  vast  increase  of  physical  comforts. 

In  the  spirit  of  this  universality  of  science,  and  in  the  hope  of  pror 
moting  more  extensively  the  -objects  of  this  Association,  an  effort  was 
made  to  secure  the  attendance  at  this  meeting,  of  many  of  the  learned, 
men  of  Europe.  A  general  printed  circular  was  addressed  to  the 
European  savans  last  winter,  from  the  Association  ;  but  the  invitations 
from  the  Local  Committee  were  not  sent  till  June,  in  consequence  of 
the  delay  incident  to  the  correspondence  with  ship-owners  and  agents 
on  both  sides  of  the  Atlantic  The  owners  of  ocean  steamers  and 
packet  ships  promptly  and  most  generously  responded  to  the  request 
of  the  Local  Committee.  More  than  thirty -five  passages  across  the 
Atlantic  both  ways  were  placed  at  our  disposal.  These  free  passages 
were  tendered  only  to  those  most  eminent  in  science.     Such  men 
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could  hardly  be  expected  to  leave  their  important  positions  and  tnuts 
on  so  short  a  notice.  Thej  all  responded  to  our  invitations  most 
gratefully,  and  expressed  an  earnest  desire  to  visit  this  country,  and  to 
attend  upon  the  present  occasion.  It  was  expected,  indeed,  until  very 
recently,  that  several  distinguished  foreigners  would  have  honored  m 
by  their  presence ;  but  from  various  reasons  they  have  been  obliged 
reluctantly  to  decline.  Liebig,  for  whose  attendance  Mr.  Wadsworth 
had  made  so  generous  a  provision,  was  compelled  to  decline  the  invi- 
tation on  account  of  illness  in  his  family.  The  meeting  of  the  British 
Association  for  the  Advancement  of  Science  is  at  this  time  about  be- 
ing held,  and  doubtless  prevented  many  of  the  learned  men  of  England 
from  attending  here. 

The  Local  Committee  avail  themselves  of  this  occasion  to  express  the 
great  obligation  they  feel  to  the  ship-owners  and  mercantile  marine  of 
the  country  for  the  great  liberality  they  have  evinced  in  promoting 
the  objects  of  the  present  meeting  in  the  manner  before  stated. 

The  Local  Committee  had  thought  it  best  to  avail  themselves  of  the 
presence  of  the  Association  to  inaugurate  two  institutions ;  —  the  State 
Geological  Hall  and  the  Dudley  Observatory.  They  had  hoped  that 
the  vast  geological  collection  of  the  State,  for  which  we  are  so  much 
indebted  to  your  President,  Professor  Hall,  would  have  been  ai^ 
ranged  and  placed  in  the  new  building  erected  by  the  State  for  that 
purpose,  in  time  for  the  present  meeting ;  but  the  abrupt  adjournment 
of  the  Legislature,  without  passing  the  supply  bill,  has  prevented  its 
completion  and  delayed  the  arrangement  of  the  specimens.  Mean- 
time large  additions  to  these  collections  are  being  made  by  the  curator, 
Colonel  Jewett,  who  is  now  in  the  field  for  that  purpose. 

The  new  instruments  for  the  Dudley  Observatory  have  been  delayed, 
from  unavoidable  causes,  much  longer  than  was  anticipated.  The 
great  Meridian  Circle,  now  nearly  finished  at  Berlin,  will  be  here  and 
mounted  in  a  few  weeks.  The  Transit  Instrument  is  now  finished  and 
on  its  way.  Both  of  these  were,  by  the  contract  made  by  Dr.  Gould, 
to  have  been  delivered  before  the  first  of  this  month.  The  delay  of 
the  former  was  occasioned  by  a  defect  in  the  first  casting  of  the  axis. 

The  Observatory  building  has  required  enlarging  for  the  reception 
of  an  instrument  of  so  much  larger  size  than  was  at  first  contemplated. 
The  clocks,  chronographs,  barometers,  thermometers,  and  magnetic 
apparatus  have  all  been  received,  and  will  be  open  to  your  inspection. 
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The  clocks,  to  give  us  time  here  during  our  meetings,  are  regulated  by 
the  instruments  in  the  Observatory,  and,  when  all  our  arrangements 
are  perfected,  will  give  time,  if  required,  to  all  the  railroads  diverging 
from  this  city.  The  magnetic  current  from  yonder  hill  can  tick  the 
time,  correct  to  the  tenth  of  a  second,  at  Boston,  Montreal,  St  Louis, 
and  New  Orleans.  Science  shall  thus  point  the  way  to  secure  to  the 
works  of  man  something  of  that  system  and  order  which  pervade  the 
works  of  God,  and,  in  contributing  largely  to  the  business  facilities  of 
^e  age,  shall  lessen  greatly  the  hazards  of  human  life. 

We  acknowledge  the  great  obligations  which  science  and  its  votaries 
owe  to  the  public  press,  and  I  am  desired,  in  conclusion,  for  the  pur- 
pose of  securing  accuracy  in  the  published  accounts  of  the  proceedings 
of  this  Association,  to  request  that  the  reporters  who  may  attend  the 
meetings  from  day  to  day,  will  submit  their  reports  for  correction  to 
those  who  have  taken  part  in  the  proceedings,  before  sending  them  to 
press.  In  no  public  proceedings  can  accuracy  be  more  desirable,  atid 
more  difficult  to  be  secured  by  a  spectator,  than  in  matters  of  science. 

In  repeating  the  cordial  greeting  with  which  I  am  charged,  I  beg 
leave  to  assure  the  members  of  the  Association  of  the  pleasure  their 
presence  affords  to  our  citizens,  and  of  the  sincere  wish  of  the  latter, 
that  the  visit  of  the  former  to  our  city  may  be  made  as  agreeable  to 
themselves  as  it  will  be  useful  to  the  great  cause  to  which  it  will  be 
devoted. 


The  Annual  Address  was  not  delivered  by  the  retiring  President, 
Professor  Torrey,  as  he  was  unable  to  attend  the  meeting. 

A  Report  on  the  Present  State  of  our  Knowledge  of  Linguistic 
Ethnology  was  read  on  Monday  afternoon,  August  25. 

No  lengthened  abstract  of  the  proceedings,  scientific  and  executive, 
of  the  Albany  Meeting  of  the  Association  is  necessary  in  this  place,  as 
they  are  contained  in  full  in  the  papers  and  resolutions  printed  in  this 
volume. 

The  officers  elected  for  the  next  meeting  are  Professor  J.  W. 
Bailet,  of  West  Point,  President;  Professor  John  Leconte,  of 
Ck)lumbia,  S.  C,  General  Secretary ;  and  Dr.  A.  L.  Elwyn,  of  Phil- 
adelphia, Treasurer.  The  Permanent  Secretary,  Professor  Joseph 
LoYERiNG,  of  Cambridge,  was  elected  for  a  second  term. 
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The  Association  voted  to  hold  their  next  meeting  at  Montreal^  Can- 
ada, on  Wednesday,  the  12th  of  August,  1857,  having  received  an 
invitation  to  visit  that  city  from  prominent  citizens. 

During  the  session  of  the  Association,  the  members  and  their  ladies, 
besides  receiving  many  private  hospitalities,  were  elegantly  entertained 
on  Thursday  evening,  August  21,  at  the  capitol,  when  the  rooms  of 
the  State  Library,  which  are  connected  with  the  capitol  by  a  corri- 
dor, were  thrown  open  to  the  inspection  and  enjoyment  of  the  mem- 
bers ;  on  Friday  evening  by  Robert  Townsend,  Esq. ;  on  Saturday 
evening  by  John  V.  L.  Pruyn,  Esq. ;  on  Monday  evening,  in  the  new 
Geological  Hall ;  on  Tuesday  afternoon  by  the  venerable  Mrs.  Blan- 
dina  Dudley,  and  on  Tuesday  evening  by  Hon.  Franklin  Townsend ; 
on  Wednesday  evening,  August  27,  by  Stephen  Van  Rensselaer,  Esq., 
and  on  Thursday  evening,  August  28,  by  Edward  C.  Delevan,  Esq. 

Through  the  kindness  and  unwearied  exertions  of  the  Local  Com- 
mittee and  other  citizens  of  Albany,  the  Association  received,  individu- 
ally and  collectively,  many  attentions,  and  took  pride  and  pleasure  in 
acknowledging  the  same,  as  far  as  was  in  their  power,  by  the  votes  of 
thanks  which  were  unanimously  passed  at  the  close  of  the  meeting,  and 
which  are  printed  in  this  volume. 


During  the  meeting,  a  delegation  consisting  of  Professors  John  W. 
Dawson  and  C.  C.  Smallwood,  Rev.  J.  Flanagan,  Dr.  Thomas  W.  Jones, 
A.  N.  Rennie,  Esq.,  Sir  William  E.  Logan,  H.  Bamston,  Esq.,  and 
Dr.  Slingston,  appeared  as  a  delegation  from  Canada,  and  presented 
an  invitation,  in  behalf  of  the  city  of  Montreal  and  the  Natural  History 
Society  of  that  city,  to  the  Association  to  hold  its  next  meeting  in 
Montreal. 

Dr.  Steiner  offered  an  invitation  in  behalf  of  the  Maryland  Insti- 
tute and  citizens  of  Baltimore,  that  the- Association  should  hold  its  next 
meeting  in  that  city. 

The  following  invitation  was  also  received  from  Springfield :  — 

Qmrmmtvealth  of  Afassachusetts.     City  of  Springfidd.    In  the  year  one  thousand  eight 
hundred  andjiftysix. 

Resolved,  That  the  City  Council  of  the  city  of  Springfield,  hereby 
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tender  to  the  American  Association  for  the  Advancement  of  Science, 
the  use  of  the  City  Hall  and  other  public  rooms ;  and  respectfully  in- 
vite them  to  hold  their  next  annual  meeting  in  Springfield. 

Resohedy  That  the  City  Clerk  forward  to  said  Association  now  in 
session  at  Albany  an  attested  copy  of  these  resolutions. 

In  Board  of  Aldermen,  August  22,  1856.     Read,  passed,  and  sent 
down.  JOSEPH  IN  GRAHAM,  Clerk. 

Common  Council,  August  25,  1856.     Read  and  passed. 

C.  C.  CHAPIN,  Clerk. 
A  true  copy.    Also,  a  true  copy  of  record. 
Attest  JOSEPH  INGRAHAM, 

City  Clerk  of  Springfield,  Mass. 
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Eesolvedj  That  the  Sectional  Committee  be  held  responsible  for  the 
character  of  the  communications  admitted,  and  for  that  of  those  author- 
ized to  be  published  in  the  Proceedings. 

Besolvedj  That  the  Chairman  of  the  Sections  be  requested  to  notify 
members  that  strict  adherence  is  expected  to  the  time  named  for  the 
reading  of  their  papers,  and  that  they  be  requested  to  close  the  com- 
munications at  the  expiration  of  the  time  so  specified. 

Resolved,  That  the  time  occupied  in  the  discussion  of  any  paper 
shall  not,  unless  by  a  special  vote  of  the  Section,  exceed  one  half  of  the 
time  allowed  for  the  reading  of  the  paper. 

Resolved,  That  the  limit  of  time  allowed  to  papers,  entered  without 
specification  of  the  time  required,  be  twenty  minutes. 

Resolved,  That  Dr.  Blotchford,  the  representative  of  the  Ameri- 
can Medical  Association,  as  a  substitute  for  Dr.  Pitcher,  be  presented 
to  the  Association  for  the  Advancement  of  Science. 

Resolved,  That  a  delegation  be  appointed  to  represent  this  Associa- 
tion in  the  West  at  the  next  meeting  of  the  American  Medical  Asso- 
dation. 

Resolved,  That  for  the  remainder  of  the  present  session,  the  provis- 
ions of  the  old  Constitution  be  continued  in  force,  and  that  the  Revised 
Constitution  go  into  effect  at  the  opening  of  the  next  meeting. 
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Resolved,  That  the  Vice-President  for  the  next  meeting  be  appointed 
at  the  present  meeting,  according  to  the  forms  of  the  old  constitation 
as  applied  to  the  other  General  Officers. 

Resolved,  That  Professor  Haldeman's  Report  be  printed,  and  two 
hundred  and  fifty  copies  placed  at  his  disposal ;  and  that  he  be  re- 
quested to  continue  his  researches  in  Linguistic  Ethnology,  with  t 
view  to  report  a  system  of  notation  for  American  and  exotic  Lan> 
guages. 

Resolved,  That  the  papers  read  at  this  meeting  be  referred  to  the 
Standing  Committee,  to  determine  in  reference  to  their  publication, 
and  that  the  papers  not  accepted  for  publication  be  returned  to  their 
authors. 

Resolved,  That  the  Permanent  Secretary  be  allowed  to  put  the  Pro- 
ceedings of  the  Albany  meeting  to  press  one  month  after  the  adjourn- 
ment of  the  Association,  and  that  one  thousand  five  hundred  copies  be 
printed. 

Resolved,  That  the  Standing  Committee  be  authorized  to  extend  an 
invitation  to  Foreign  Learned  Societies  to  attend  the  Annual  Meetmgs 
of  the  Association. 

Resolved,  That  volume  nine  of  Proceedings  be  presented  to  the 
State  Library  of  New  York;  that  volumes  six,  seven,  eight,  nine, 
and  ten,  be  presented  to  the  Athenaeum  of  Nantucket,  and  the  tenth 
volume  to  those  gentlemen  of  Albany,  not  members,  who  have  con- 
tributed to  the  funds  of  the  Association  ;  and  volumes  seven,  eight,  and 
nine  to  Mr.  Horton,  in  consideration  of  his  services  as  Assistant  Lo- 
cal Secretary. 

A  request  from  P.  J.  0.  Chauveau,  Superintendent  of  Education 
for  Lower  Canada,  that  two  copies  of  the  Proceedings  be  furnished 
him,  one  for  the  Normal  School,  and  the  other  for  the  Library  of 
Superintendence,  was  referred  to  the  Permanent  Secretary,  with  power 
to  give  such  volumes  as  were  not  scarce. 

Resolved,  That  the  Standing  Committee  be  authorized  to  act  for  the 
Association  in  any  matters  of  business  which  may  not  have  been  com- 
pleted at  the  time  of  the  adjournment  of  the  Albany  meeting. 

Resolved,  That  the  salary  of  the  Permanent  Secretary  be  increased 
to  $500  a  year. 

Resolved,  That  the  use  of  the  Hall  be  granted  to  Dr.  Hare,  after  the 
adjournment  of  the  Association. 
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Rezoivedy  That  whereas  the  American  Association  for  the  Advance- 
ment of  Science  regard  the  full  and  thorough  geological  survey  of  the 
State  of  Ohio  as  highly  important  in  a  scientific,  as  well  as  economic 
point  of  view,  the  following  persons  be  appointed  a  Committee  to  me- 
morialize the  Legislature  of  that  State  during  its  session  in  the  coming 
winter,  to  make  a  just  and  liberal  appropriation  to  carry  forward  the 
work  of  such  geological  survey.  [This  committee  is  printed  in  the  first 
part  of  the  volume,  p.  viii.] 

Resolved,  That  a  Special  Committee  of  five  be  appointed  to  investi- 
gate the  principles  which  render  precious  metals  current,  as  moneys,  — 
to  promote  the  establishment  of  a  simple  and  uniform  system  in  the 
Mints  of  the  United  States, — and  to  invite  a  general  conformity  in  the 
coinage  standards  of  other  nations.  [Referred  to  the  Committee  on 
Weights,  Measures,  and  Coinage.] 

Professor  C.  Dewey  remarked :  "  Some  of  you  are  familiar  with 
the  famous  fir-trees  of  California,  the  Ahils  Donglassei,  These 
trees,  some  of  which  are  thirty  feet  in  diameter,  are  supposed  to  be 
upwards  of  three  thousand  years  old.  The  attention  of  the  Associa- 
tion is  called  to  the  fact  that  these  trees  are  being  exterminated  as  the 
settlement  of  the  country  advances.  But  twenty-five  of  them,  we  are 
informed,  are  now  left  standing  in  the  States,  and  they  are  not  to  be 
found  but  in  one  place.  It  is  believed  that  an  expression  of  interest 
in  their  preservation  by  the  Association,  made  in  the  right  quarter, 
would  save  the  residue  of  these  gigantic  inhabitants  of  our  primitive 
forests  from  destruction." 

Resolved,  That  this  matter  be  referred  to  Professor  Henry,  of  the 
Smithsonian  Institution,  with  the  request  that  he  will  correspond,  in 
behalf  of  this  Association,  with  the  authorities  of  California  or  at 
Washington,  in  relation  to  the  preservation  of  these  trees;  or  take  such 
other  course  as  may  seem  more  effective. 

The  following  resolutions  were  adopted  in  relation  to  the  letter  of 
Mayor  Wood  of  New  York,  concerning  a  University  in  that  city :  — 

Resolved,  That  the  Advancement  of  Science,  which  forms  the  great 
object  of  this  Association,  requires  also  the  establishment  of  Universi- 
ties, where  all  branches  of  human  knowledge  may  be  pursued,  under 
eminent  Professors,  to  their  last  development. 

Resolvedy  That  the  establishment  of  at  least  one  such  institution  in 
any  part  of  our  country  at  the  present  time  is  an  object  of  the  higliest 
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interest  to  this  Associatio;i,  and  woald,  in  their  judgment,  fonn  an 
epoch  in  the  progress  of  science  in  this  country. 

Resolved^  That  every  judicious  effort  made  for  the  acoomplishment 
of  this  great  work  will  receive  our  hearty  commendation  and  firm 
support 

Resolved,  That  we  consider  the  recommendation  before  us  as  8a<^ 
an  effort  as  is  referred  to  in  the  last  resolution. 


VOTES  OF  THANKS. 

Resolved,  That  the  Association  returns  its  thanks  to  the  Maryland 
Institute,  who  have  so  kindly  invited  us  to  assemble  in  their  city,  and 
expresses  the  hope  that  in  some  future  year  the  Association  may  be 
able  to  meet  their  wishes. 

Resolved,  That  the  Association  returns  its  thanks  to  the  Mayor  and 
Council  of  Springfield,  for  their  invitation  to  meet  in  their  dty,  and 
regret  that  they  cannot  accept  it  for  the  next  summer. 

Resolved,  That  the  thanks  of  the  Association  be  tendered  to  Pro- 
fessor Hall  and  Mr.  Palmer,  who  have  so  kindly  opened  their  collec- 
tion for  the  inspection  of  members. 

Resolved,  That  the  heartiest  thanks  are  due  by  the  Association,  and 
by  every  member  of  it,  to  the  Local  Committee  for  their  admirable 
arrangements  for  the  meeting,  and  their  unremitting  and  most  kind 
attentions  during  the  progress  of  the  session. 

Resolved,  That  the  thanks  of  the  Association  be  tendered  to  the 
Directors  of  these  railroads:  New  York  Central;  Michigan  Central; 
Western ;  Hartford  and  New  Haven ;  Baltimore  and  Ohio ;  Pennsyl- 
vania ;  Philadelphia,  Wilmington,  and  Baltimore,  and  of  the  steamer 
Alida,  and  the  steamships  from  New  York  to  New  Orleans,  for  the 
free  return  tickets  which  have  been  offered  to  members  in  attendance  at 
this  meeting. 

Resolved,  That  the  thanks  of  the  American  Association  be  presented 
to  the  Directors  of  the  Cunard  line  of  steam-packets,  and  especially 
to  Mr.  Edward  Cunard,  for  the  very  prompt  and  generous  manner  in 
which  the  free  passages  were  tendered  by  these  lines  for  scientific  gen- 
tlemen from  Europe  who  might  desire  to  attend  this  meeting ;  and  that 
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similar  thanks  be  offered  to  the  Directors  of  the  Bremen  line,  of  the 
Glasgow  Steamship  Company,  of  the  Collins  line,  and  of  the  Belgian 
line,  for  similar  acts  of  generosity. 

Reiohed,  That  thanks  be  returned  to  Messrs.  E.  C.  Morgan,  Mor* 
timer  Livingston,  Cornelius  Grinnell,  Spofford,  Tileston  &  Co.,  and 
Grinnell,  Mintum  &  Co.,  for  the  generous  offer  of  free  passages  in  the 
sailing  packets  belonging  to  them. 

Resohedy  That,  in  the  words  of  a  distinguished  foreigner  to  the 
Local  Committee,  such  acts  exalt  the  commerce  of  America,  and  place 
it  at  the  head  of  the  commerce  of  the  civilized  world. 

Resohedf  That  the  thanks  of  the  Association  be  tendered  to  the 
Trustees  or  Directors  of  the  State  Library;  Dudley  Observatory; 
Albany  Academy  and  Institute ;  Medical  College ;  Albany  Hospital ; 
Geological  Hall,  Agricultural  Rooms,  and  Collections;  New  York 
State  Agricultural  Society ;  Female  Academy ;  Penitentiary ;  Albany 
Rural  Cemetery,  for  the  invitations  which  have  been  extended  to  its 
members,  and  the  many  facilities  offered  for  inspection. 

Resolved,  That  the  sincere  thanks  of  the  Association  be  returned  to 
the  Legislature  of  New  York  and  the  Trustees  of  the  Capitol,  for  the 
ample  accommodations  which  have  been  afforded  for  the  meeting  of 
the  Association,  its  Secretaries,  and  Committees. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  the 
President  of  the  Mechanics  and  Farmers  Bank  for  his  generosity  in 
negotiating  the  funds  of  the  Association. 

Resolved,  That  our  very  warm  thanks  are  returned  to  the  citizens 
and  ladies  of  Albany,  who  have,  with  such  unbounded  hospitality, 
opened  their  hearts  and  dwellings  to  the  reception  of  the  members  of 
the  Association  during  this  meeting,  and  that  our  best  wishes  attend 
them  now  and  will  remain  with  them  through  our  lives. 

The  following  remarks  were  made  by  Rev.  Dr.  Ferris :  — 
The  interval  since  this  Association  met  last  in  this  city  is  &hort»  and 
yet,  on  our  assembling,  we  find  not  among  us  the  genial  friend  —  the  ripc^ 
scholar  —  the  true  man  —  the  man  of  science.  Dr.  T.  Romeyn  Beck. 
It  has  pleased  an  allwise  Providence  that  he  should  be  carried  to  the 
house  appointed  for  all  the  living.  It  was  my  privilege  to  kuow  well 
four  of  the  Becks — brothers. 

(21) 


242  YOTBS  OF  THAincs. 

The  A^jatant-General,  Nicholas,  passed  away  many  years  since,  ere 
he  had  accomplished  what  an  earnest  mind  promised.  All  know  how 
Dr.  John  B.  Beck  graced  the  medical  profession,  and  won  for  himself 
universal  respect  and  admiration  as  a  Professor  in  the  College  of  Sur- 
geons and  Physidans  of  New  York ;  of  Dr.  Lewis  C.  Beck  the  State 
of  New  York  has  an  abiding  memento  in  the  results  of  the  Sdenlifie 
Survey  of  the  State,  as  will  be  seen  in  the  collections  of  the  State 
cabinet.  His  works  on  Chemistry  and  Botany  have  been  the  guides 
of  many  an  inquirer,  and  his  labors  in  his  favorite  department  in 
Rutgers  College  will  never  be  forgotten. 

Dr.  T.  Romeyn  Beck,  —  as  a  most  successful  educator  —  as  an 
indefatigable  laborer  ui  various  branches  of  learning — as  the  author 
of  the  first  American  work  on  Medical  Jurisprudence  (I  think),  whldi 
has  become  a  standard  in  that  department,  and  been  translated  and 
used  abroad,  and  as  a  Professor  of  a  Medical  Institute  for  many  years, 
—  has  occupied  a  place  granted  to  very  few.     He  became,  in  1817,  the 
Principal  of  the  Boys'  Academy,  whose  edifice  you  have  all  admired 
in  the  Park  opposite,  an  institution  which  received  new  life  under  his 
energy,  and  which  has  yielded  to  the  various  walks  of  life  a  very  large 
number  of  most  able  men,  and  where  (I  believe  I  do  not  mistake),  in 
,  connection  with  Dr.  Beck,  our  esteemed  associate  of  the  Smithsonian, 
whose  reputation  is  world  wide,  received  his  first  impulse  in  those 
researches  which  have  so  distinguished  him.     Here  Dr.  Beck  con- 
.  tinned  for  over  twenty  years ;  and,  while  here  engaged,  was  conducting 
special  chemical  instructioh,  and  was  lecturer  in  the  Medical  College 
then  at  Fairfield.   He  was  the  most  industrious  man  in  scientific  labors 
I  have  known, — apparently  never  tiring,  and  never  confused  by  the 
number  or  variety  of  his  pursuits.     He  was  eminently  a  man  of  sys- 
tem, and  to  this  must  be  attributed  his  ability  to  accomplish  so  much. 
One  of  the  choicest  heirlooms  must  have  been  his  volumes  of  Common 
Places,  the  gatherings  of  a  most  laborious  life.    In  all  enterprises  un- 
dertaken here  for  science  or  literature,  his  was  an  active  part    The 
circle  of  his  friends  was  large,  and  among  educated  men  especially. 
His  latter  years  were  occupied  as  Secretary  of  the  Regents  of  the 
University  of  the  State  of  New  York — a  most  important  and  re^n- 
sible  office — and  in  the  prosecution  of  science.    He  has  by  no  means 
lived  in  vain.    Having  reached  a  full  measure  of  years,  he  has  gone 
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to  his  rest ;  but  his  memorial  is  in  manj  hearts.  Albahj  city  and 
New  York  State  have  reason  to  note  it  in  imperishable  record,  that  he 
was  theirs. 

We  love  to  trace  influences  to  their  sources,  to  inquire  whence  all 
this  ?  It  is  enough  to  say  that  this  quartette  of  brothers  had  a  mother 
worthy  a  place  above  hers  of  the  Gracchi.  Think  of  her,  as  when,  ad- 
vanced beyond  the  common  lot  of  life,  she  was  coadjutor  and  reliance 
in  the  meteorological  observations  taken  at  the  Albany  Academy  for 
many  years. 

Mr.  President,  —  As  our  friend  has  gone,  so  we  are  going ;  this  may 
be  the  last  meeting  to  some  of  us ;  —  may  ours  be  a  full  preparation 
for  it,  such  a  preparation  as  true  religion  secures. 

I  beg  to  offer  the  following  resolutions :  — 

Besolved,  That  this  Association  record,  with  feelings  of  regret,  the 
removal  by  death  of  T.  Romeyn  Beck,  M.  D.,  L  L.  D.,  of  the  city  of 
Albany,  since  its  last  meeting  in  this  place. 

Resolved,  That  the  scholar-like  attainments  of  our  associate  in 
various  departments  of  Science  and  Literature,  and  his  long  and  suc- 
cessful devotion  to  the  interests  of  learning,  his  distinguished  ability 
and  his  profound  worth  have  given  him  a  high  place  among  the  sons 
of  Science,  and  the  benefactors  of  man ;  and  the  memory  of  such 
should  be  fondly  cherished. 
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The  duties  of  the  Permanent  Secretary  during  the  last  year  haye 
been  nearly  doubled  in  consequence  of  the  re-publication  of  the  Cleve- 
land volume,  the  charge  of  which  was  committed  to  his  hands.  The 
preparation  of  the  Proceedings  of  the  Cleveland  and  Providence  meet- 
ings for  the  press,  the  examination  of  proof-sheets,  the  distribution  of 
the  volumes  when  printed,  and  the  making  of  contracts  and  payment 
of  bills  connected  with  these  matters,  constitute  the  most  onerous  part 
of  the  labor  performed  by  the  Permanent  Secretary.  The  Cleveland 
and  Providence  volumes  were  published  in  April,  and  have  been,  as 
far  as  practicable,  distributed  to  members  entitled  to  receive  them. 
Also  circulars  have  been  sent  as  follows :  — 

1st,  To  newly  elected  members. 

2d,  To  members,  calling  on  them  for  papers  to  be  printed. 

8d,  To  members,  informing  them  that  the  volumes  of  Proceedings 
were  ready. 

4th,  To  members,  informing  them  that  volumes  had  been  sent. 

«5th.  To  delinquent  members. 

6th,  To  members  who  have  paid  assessments  and  wish  receipts. 

Since  August  25,  1855,  when  the  Permanent  Secretary  made  Lis 
last  Report,  down  to  August  20, 1856,  the  date  of  the  present  report, 
$960.50  have  been  collected  by  the  Permanent  Secretary,  mostly  in 
the  form  of  assessments,  but  partly  by  the  sale  of  the  Proceedings  of 
the  Association.  If  to  the  above-named  sum  are  added  $291.92,  re- 
ceived from  members  directly  by  the  Treasurer,  and  $1,186.54  re- 
ceived by  the  Treasurer  from  members  through  the  Permanent  Secre- 
tary, an  aggregate  collection  of  $2,438.92  results.  The  Permanent 
Secretary  has  also  received  a  balance  of  $333,  subscribed  at  Provi- 


*  In  the  Providence  volome,  page  298,  line  7,  instead  of  "  eigfaty-six  doUan," 
read  seyenty-six,  which  corresponds  with  the  statement  on  the  preceding  page  of 
the  same  volnme,  5th  line  from  bottom.  On  line  8  of  same  page,  for  "  thirty  dol- 
lars/' read  twenty  dollars.  On  line  1 1  of  same  page,  for  "  eight  hundred  and  sct- 
enteen  dollars/'  read  seren  hundred  and  ninety-seven  dollars.  On  page  299,  lines 
21  and  22,  for  "  sixty-eight  dollars  and  thirty-three  cents,"  read  forty  dollars  and 
sixty-eight  cents.  These  numerical  errors  exist  only  in  the  printed  Beports,  and 
the  numbers,  as  corrected,  correspond  to  the  manuscript  Reports. 
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dence,  from  the  Local  Committee  of  that  city,  to  assist  in  the  publica- 
tion of  the  Proceedings  of  the  Providence  meeting,  and  from  G.  P. 
Putnam  Sc  Co.  $11.29,  for  the  sale  of  Proceedings.  The  grand  total 
amounts  to  $2,783.21. 

The  expenses  since  the  last  account  rendered  (which  is  printed  in 
the  volume  of  Proceedings  at  Providence,  pages  304  and  305),  have 
amounted  to  $2,647.69.  This  sum  exceeds  the  average  annual  ex- 
penses bj  about  $1,000.  The  excess  has  been  caused  bj  the  reprint 
of  the  volume  of  Cleveland  Proceedings.  The  total  expenditure  of 
$2,647.69  maj  be  divided  as  foUows :  — 

For  the  preparation  and  pnblication  of  toIb.  YII.  and  IX.  $2,201  00 

Salarjof  Permanent  Secretary 300  00 

Postage 45  80 

Printing  and  Bending  of  circolarB 25  72 

Sundries 70  67 

Duoonnt  on  distant  banks 4  50 

Total $2,647  69 

If  the  expenses  (or  $2,647.69)  are  subtracted  from  the  income  of 
the  Association  (or  $2,783.21),  we  have  a  balance  above  expenditure, 
of  $135.52.  This  is  to  be  added  to  the  balance  of  last  year,  which 
was  $111.96  in  the  hands  of  the  Permanent  Secretary,  and  $620.58 
in  the  hands  of  the  Treasurer.  The  present  balance  is  $868.06,  of 
which  $106.31  is  in  the  hands  of  the  Permanent  Secretary,  and 
$761.77  in  the  hands  of  the  Treasurer. 

The  Permanent  Secretary  states  that,  in  conformity  with  the  enact- 
ments of  the  Association,  and  the  notice  given  by  him  last  year  to  the 
Standing  Committee,  he  has  struck  from  the  list  of  names  those,  and 
those  only,  from  whom  no  dues  have  been  received  since  the  last 
Albany  Meeting,  in  1851.  Whereas  91  new  members  were  added  at 
Providence,  492  have  been  struck  out  since  that  meeting,  the  number 
of  members  being  reduced  from  1,023,  as  before  the  Providence  Meet- 
ing, to  622,  as  at  the  beginning  of  this  meeting.  As  each  person  so 
struck  from  the  list  of  members  is  now  indebted  to  the  Association  for 
$12,  this  repudiation  of  assessments  makes  a  loss  of  funds  to  the  As- 
sociation, of  $5,904. 

It  should  be  added  that  several  of  those  struck  out  have  since  paid 
the  $12  due,  and  will  be  restored  to  their  places  in  the  next  volume. 

(21*) 
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We  have  examined  the  acoounts  of  the  Treasurer  and  Permanent 

Secretary,  and  find  them  correct ;  and  the  balances  in  their  hands  to 

the  credit  of  the  Association  stated  in  the  preceding  Report  of  the 

Permanent  Secretary,  to  wit :  — 

In  the  hands  of  the  Permanent  Secretary,       .        .        .     $106^1 

u         u         u      Treasurer, 790.20 

$896^1 


Signed  John  L.  LeConte,)    .    ,.^ 

J.  H.  C.  Coffin,     H'"^'**^ 


American  Bistituiions  receiving  Copies  of  the  Proceedings  of  ike  Amer' 
lean  Association,  by  Vote  of  the  Association, 

Volumes  Vn.  VUL  IX. 

American  Academy,  Boston, «  « 

Natural  History  Society,  Boston, «  « 

New  York  Lyceum,  New  York, « 

Philadelphia  Academy  of  Natural  Sciences,  Philadelphia,  «  «      « 

American  Philosophical  Society,        .        .        .        ^       u  a      a 

Western  Academy  of  Natural  Sciences,  Cincinnati,        .  "  ** 
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Smithsonian  Institution,  Washington,      ....'<  << 
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List  of  European  Institutions  to  which  Copies  oftJie  Proceedings  of 
the  American  Association  were  distributed  by  the  Permanent  Secre- 
tary  in  1856. 


TohUDM. 


Stockholm^  —  Eongliga  Svenska  Yetenskaps 

Akademien, 

Copenhagen^  —  Kongel.  danske  Vidensk.  Sel- 

skab, 

Moscow^  —  Soc  Imp.  des  Natundistes, 
Sl  Petersburg^  —  Acad.  Imp.   des   Sciences, 
^  *^  Kais.  Russ.  Min.  Gesellsch. 

Amsterdam,  —  Acad.  Royale  des  Science  s, 
Baarlemy  —  HolL  Maatschappij  der  Wetten 

schappen, 

Berlin^  —  K.  P.  Akad.  der  Wiss.,     . 
Breslauy  —  E.  L.  C.  Akad.  der  Naturf., 
Franckfurty —  Senckenbergische  Gesellschaft; 
Gottingen,  —  Ednigl.  GeselLschafl  der  Wiss., 
Munich,  —  K.  B.  Akad.  der  Wiss., 
Prog,  —  K.  Bohm.  Gesellschaft  der  Wiss., 
Vienna^  —  K.  Akad.  der  Wiss.,    . 
Bern,  —  AUg.  Schw.  Gesellschaft,    . 
Geneve,  —  Soc  de  Physique  et  d'llist  Nat.. 
BruxeUes,  —  Acad.  Royale  des  Sciences, 
Lilge, —  Soc  Royale  des  Sciences,   . 
Port*,  —  Institut  de  France, 
Turin^  —  Accademia  Reale  delle  Scienze, 
Madrid,  —  Real  Acad,  des  Ciencias,     . 
Cambridge,  —  Camb.  Philosophical  Society. 
Dublin,  —  Royal  Irish  Academy, 
Edinburgh,  —  Royal  Society, 
London,  —  Board  of  Admiralty, 
"  East  India  Company, 

"  Museam  of  Practical  Geology, 

"  Royal  Society,   . 
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CASH    ACCOUNT    OF    THE 
Dr.  American  Association  im 

Metcalf  Sc  Co.,  Printers, $8.00 

Expenses  at  Providence,   .         .         .         .         .         .        .  50.00 

Brainerd  Sc  Barridge,  for  rejected  map  in  Vllth  volume,         .  37  JK) 

Metcalf  &  Co.,  for  printing  blank  bills,       ....  5.67 

Assistant  local  secretaries  at  Providence,        .        .        .         .  15.00 

Bice  &  Kendall,  for  paper, 579.52 

Binding  volume  of  Washington  Proceedings, ....  158.25 

Metcalf  &  Co.,  for  printing  Vllth  and  IXth  volumes,         .  890.98 

Lemon,  for  binding  Vllth  and  IXth  volumes,        .        .         •  159.82 

Duval,  for  printing  plates, 99.00 

Bradford,  for  printing  and  engraving  plates,  ....  63.00 

Bien,  for  printing  plates, 100.00 

Moore  &  Crosby,  for  printing  plate, 20.00 

Eilbum  &  Mallorj,  for  wood-cuts, 30.00 

Index  for  Cleveland  and  Providence  volumes,         .        .         .  10.00 

Binding  extra  copies  of  Addresses  of  Dana  and  Gibbs,       .  4.06 

Circulars  to  delinquents,  etc  etc, 20.00 

Engraved  circular  to  eminent  foreigners,    ....  5.72 

William  Mills,  services  in  distributing  volumes,      .        .         .  18J7 

Express, 22J50 

Postage, .  45.80 

Discount  on  distant  banks, 4.50 

Salary  of  Permanent  Secretary, 300.00 

$2,647.69 

Balance  to  next  account, 106.31 

$2,754.00 
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PERMANENT    SECRETARY. 

Account  with  Joseph  Loterino.  Cr. 

Balance  from  last  account, $111.96 

Salary  of  Permanent  Secretary, 800.00 

Cash  from  Treasurer, 1037.25 

Cash  from  Local  Committee  at  Providence,    .        .        .  338.00 

6.  P.  Putnam  &  Ca  sale  of  Proceedings,  .        •        .        .  11.29 

Afisessmento  from  August  21, 1855,  to  August  20, 1856, .  960.50 


$2,754.00 


We  certify  that  we  have  examined  the  preceding  account  of  the 
Permanent  Secretary,  comparing  the  credits  with  the  Treasurer's  ac- 
count, and  the  receipt  book,  and  the  debits  with  the  several  vouchers, 
and  find  the  whole  correct ;  and  the  balance  of  one  hundred  and  six 
dollars  and  thirty  dne  cents,  properly  credited  in  the  next  account. 

John'  L.  LeConte,)  j.,.,^. 
J.  H.  C.  Coffin,  '^^*^»'^'- 
Albaitt,  Aognit  27,  1856. 
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REPORT  OF  THE  TREASURER. 

The  Treasurer  received  at  Providence  from  the  Permanent  Secre- 
tary, eleven  hundred  and  ninety-seven  dollars  and  fiflty  cents,  collected 
by  him  from  members.  He  has  received  himself  frx)m  members,  since 
his  last  report,  two  hundred  and  ninety-one  dollars  and  ninety-two 
cents. 

He  has  paid  to  the  Permanent  Secretary,  his  salary  of  three  hun- 
dred dollars  :  to  J.  Bien,  for  Plates,  sixty  dollars ;  to  Edward  Wha^ 
ter,  thirty  dollars  and  seventy-five  cents;  and  to  the  Permanent 
Secretary,  nine  hundred  and  fifty-six  dollars.  These  expenditures, 
amounting  to  thirteen  hundred  and  forty-six  dollars  and  seventy-fiTe 
cents,  taken  from  the  receipts  of  fourteen  hundred  and  eighty-nine 
dollars  and  forty-two  cents,  leave  a  balance  of  one  hundred  and  forty- 
two  dollars  and  sixty-seven  cents,  which,  added  to  the  balance  of  last 
year,  (of  six  hundred  and  forty-nine  dollars  and  three  cents,)  makes  a 
total  balance  of  seven  hundred  and  ninety-one  dollars  and  seventy 

cents. 

A.  L.  Elwtn,  Treaturtr, 
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We  have  examined  the  preceding  account  of  the  Treasurer,  com- 
paring the  debits  with  the  account  of  the  Permanent  Secretary,  and 
find  a  difference  of  $1.50  in  favor  of  the  Secretary ;  and  with  this 
correction,  that  the  balance  in  the  hands  of  the  Treasurer  to  the  credit 
of  the  Association  should  be  $790.20  instead  of  $791.70. 

No  detailed  accounts  are  presented  of  the  money  received  firom 
members,  nor  any  prior  statement  of  the  balance  on  hand  last  year. 
We  believe  them,  however,  to  be  correct 
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CORRESPONDENCE. 


November  1, 1855. 
Sir,  —  We  have  the  honor  to  iDform  you  that  the  Tenth  Meeting  of 
the  American  Association  for  the  Advancement  of  Science  will  be  held 
in  the  city  of  Albany,  commencing  its  sittings  on  Wednesday,  August 
20, 1856,  and  continuing  during  such  time,  not  less  than  a  week,  as 
may  be  then  decided. 

It  is  anticipated  that  the  Dudley  Observatory  and  the  Geological 
Museum  will  be  inaugurated  during  the  meeting,  upon  days  to  be  set 
apart  for  the  purpose,  and  it  is  also  proposed  that  excursions  be  made 
to  points  of  scientific  and  historical  interest  in  the  vicinity. 

We  are  directed  by  the  Association  to  solicit  the  honor  of  your 
presence  on  the  occasion,  and  the  Local  Committee  have  instructed 
us  to  assure  you  of  an  earnest  and  cordial  welcome.  Permit  us  to 
hope  that  you  will  favor  the  Association  by  transmitting  an  affirmative 
reply  to  the  Greneral  Secretary  at  Cambridge,  Mass.,  or  to  the  Liocal 
Committee  at  Albany,  N.  Y. 

We  have  the  honor  to  be.  Sir,  very  respectfully  yours, 
JAMES  HALL,  PrtddenL 
JOSEPH  LOYERmG,  Permanent  Secretary. 
B.  A.  GOULD,  JR.,  General  Secretary, 
T.  ROMETN  BECK, 
THOMAS  W.  OLCOTT, 
JAMES  H.  ARMSBT, 
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9.  Providence,  R.  I., 


1848, 

W.  C.  Redfield,  President 

1849, 

Joseph  Henry, 
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it 
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1850, 
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(( 
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ERRATA. 


Part  I. 


Page  54,  line  6  from  bottom,  afier  Liverpool  rtad  and  Manchester. 
"    55,  in  first  teble, /or  .024  wnd  .088  rtad  .025  and  .090. 
"    60,  lines  10  and  20 ,  fir  f  read  J^^, 
"    66,  last  Une,/or  c^,,  read  ^^.^ 
"    73,  last  line,>r  1 .803755  read  1.803755. 
"    95,  snppljr  12  as  denominator  in  the  last  formula. 

Part  IL 
Page  33,  line    X^for  Cnchillo   read   Cachilla. 


39, 

"    33,  "  Altis           "      CelUs. 

40, 

"     5,   **  cross           "     cropp. 

« 

"   84,  "  mosquito     "     moezquitc 

42, 

"    12,  "  Ldbota        "     Cobota. 

44, 

"     3,  *•  Li^nagas      "     Ci^nagas. 

'*    "   29,  38,  &c.,ybr  Gnehibabi  read  Jnchibabi. 
45,    "     7,>rdi  read   del. 

"     "   26,  "  Papaga       "     Papago. 
47,    "     6,  **  marshes      "     mashes. 

49,  "   29,  "  Pinajas       "     Tinajas. 

50,  lines  20  and  21,/7r  is  almost  dry,  and  active  to  change,  read  is  almost  day 

and  night  busy  to  change. 

-^1.      •«  ^    ^1  ^'     4x08       ,4x08 

74,  line  33,  yor  W«  eguofton  — — —read   /^r^' 

177,   "    21, />r  Rctchporea  rcacf  Retepora. 
<'      "   33,  "   auz  saillant  read  anx  angles  saillants. 
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